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REDESCRIPTIONS OF NORTH AMERICAN SMINTHURIDAE 
J. W. FOLSOMl 
Fr<>m the B1lffeau of E1it01nowgy, U111itted States Depa'l"lmtent of Agriooltu1·e 
Accepted for publication March 
The purpose of this article is to redescribe some of the Sminthuridae 
that were named years ago by Ryder, Fitch, Packard, MacGillivray, Har-
vey, and Folsom. 
No attempt has been made to resurrect doubtful species. In fact, 
fifteen of the nineteen species included in this paper have been redescribed 
and figured from cotypes. The remaining four are common species whose 
coloration and habits are so distinctive as to leave no doubt concerning 
their identity. 
Packard 's cotypes described in his Essex County article (1873) are in 
the Museum of Comparative Zoology, at Cambridge, Massachusetts. I made 
descriptions and drawings of all these cotypes (through the courtesy of Mr. 
Samuel Henshaw) while living in Cambridge, and was able also to collect 
most of the Massachusetts species of Collembola described by Packard. 
The Essex County paper has no figures; nevertheless Packard made 
many pencil sketches as he studir.d his material under low powers of a com-
pound microscope, and these sketches, which he gave to me, have often aided 
in the identification of his species. 
Neither did MacGillivray give figures of any of his species, but he gave 
me cotypes of almost all the species that he had described. In addition to 
these, I have studied (through the courtesy of Prof. C. R. Crosby) such of 
MacGillivray's material as is now in the Cornell University collection. 
For several years, Prof. F. L. Harvey frequently exchanged specimens 
with me, and I eventually acquired HarYey 's collection of Collembola. 
I also once described species of Sminthuridae without the necessary 
illustrations; these are given here, and the original descriptions have been 
improved. 
Sminthiwinus remotus (Folsom) 
Plate III, fig. 9-12 
Smynthur11S remot11s Folsom, 1896 d. 
Bluish black. Body dorsally segmented; sides with several rows of 
pale round spots. Ventral tube black. Head mostly black; oral region pale. 
Eye spots black, broadly surrounded with yellow, especially on the vertex. 
Ant. 1 black; 2 and 3 yellow; 4 blackish purple. Legs yellow, black basally, 
including the bases of the fcmora. Manubrium black basally, unpigmented 
apically; dentes unpigmented. Eyes (Fig. 9) s+s, the inner one smaller. 
Antennae short, one-fifth longer than the head, with segments about as 14: 
27: 35: 62; ant. 4 not subsegmented. Proximal tubercle of ant. 3 simple 
(Fig. 10). Ungues of fore feet three-fourths longer than those of hind feet. 
Unguis (Fig. 11) without inner teeth. Unguiculus untoothed. Tenent 
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hairs 2. Mucrones (Fig. 12) one-third to one-half as long as dentes, with 
both dorsal margins usually entire, rarely with a few minute teeth near the 
base only. Anterior lobe of tenaculum with two setae. Dorsum of body 
with scattered minute setae posteriorly; a bothriotrix is present on the 
genital segment antero-laterally. Integument minutely tuberculate. Max-
imum length, 0.75 mm. 
The cotypes occurred under logs in a peat bog. 
Massachusetts: Belmont, May 3, 5, 25, J. W. F. 
Sminthurinus minittus (MacGillivray) 
Plate III, fig. 13·18; Plate IV, fig. 19, 20 
Smynthurus min1i.tus MacGillivray, 1894; Mills, 1930b. 
Sminthwrus minutus Guthrie, 1903; Folsom, 1928. 
Black and yellow. Body black dorsally; genital and anal segments 
yellow except dorsally. Sternum mostly black. Head mostly yellow; dor-
sally yellow between the eyes and black behind them; just below each eye 
spot are usually three round equal clear spots in longitudinal alignment. 
Thoracic segments and abd. 1 are demarcated by transverse lines. Antennae 
and legs yellow. Furcula unpigmented or pale yellow. Eyes (Fig. 13) 
8+8, the inner eye small. Median ooellus present. Antennae two-fifths 
longer than the head; ant. 4 not annulate. Distal sense organ of ant. 3 as 
in figure 14; proximal tubercle of ant. 3 simple (Fig. 15). Unguis (Fig. 
16) stout, with one inner tooth (sometimes absent) and an outer tooth. 
Unguiculus (Fig. 16) broad, with an inner tooth (obscure or absent on the 
fore feet) and a subapical seta. Mucro (Fig. 17) one-half as long as dens; 
outer margin entire, inner margin with about 20 rounded teeth. Rami of 
tenaculum (Fig. 18) tridentate, with a basal papilla; anterior lobe with two 
setae. Subanal appendages of female (Fig. 19,20) two-fifths as long as 
mucro, palmately branched. Body setae short, curving, simple. Integument 
minutely tuberculate. Length, male, 0.55 mm.; female, 0.7 mm. 
This redescription is from cotypes given to me by MacGillivray, and 
from others belonging to the Cornell collection. 
S. minutits has thus far been taken only in greenhouses. 
New York: Ithaca, R. H. Pettit. 
Massachusetts: Cambridge, February 7, J. W. F . 
Minnesota: Minneapolis, J. E. Guthrie. 
Iowa: Burlington, July, J.E. Guthrie. 
Sminthurin-us qnadrirnaculatus (Ryder) 
Plate I, fig. 1; Plate IV, fig. 21-27; Plate V, fig. 28-31. 
Smynthurus quadrimaoolata Ryder, 1879. 
Smynthurus qua<lrimaculatus MacGillivray, 1891, 1894; Mills, 1930b. 
Smynthurus 6-macm.lata Harvey, 1892. 
Sminthurus quadrimaoolatus Guthrie, 1903; Folsom, 1928. 
Body blackish purple with two pairs of large enamel-white subdorsal 
spots (Fig. 1), the posterior spots larger than the anterior. Sternum purple 
anteriorly, white posteriorly. Mesothorax defined posteriorly by a groove 
extending to the bases of the mid legs. Head yellow laterally; vertex with 
a median black mark, and a white spot between this and each eye spot. 
Ant. 1 and 2 whitish, tinged with purple; 3 pale proximally, dark purple 
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distally; 4 dark purple. Precoxae mostly blackish purple; coxae yellow 
and blackish; trochanters mostly yellow; femora pale yellow; tibiotarsi 
purple, pale yellow basally. Furcula unpigmented, or manubrium and 
dentes tinged with purple. Eyes (Fig. 21) s+s, the inner eye smaller than 
the others. Median ocellus present. Antennal segments about as 1: 2: 3: 6; 
ant. 4 not subsegmented. Distal sense organ of ant. 3 as in figure 22; prox-
imal tubercle of ant. 3 simple (Fig. 23). Unguis (Fig. 24) with three inner 
teeth, and one pair of distal lateral teeth (Fig. 25) ; pseudonychia serrate, 
shorter on the fore feet. Unguiculus relatively long (Fig. 24), unidentate, 
with a short subapical seta; shorter and narrower, with a longer seta, on 
the fore feet. Tenent hairs usually 5, 5, 5 (occasionally 4 or 3). Man-
ubrium naked ventrally. Dens (Fig. 26, 27) with 8 subapical setae: 6 in a 
transverse row and one pair anterior to these. Mucro half as long as dens, 
with both dorsal margins serrate (Fig. 28); teeth about 17-22 on each 
side. Rami of tenaculum (Fig. 29) tridentate, with a proximal papilla; 
anterior lobe elongate, with two setae. Subanal appendages of female 
palmately branched (Fig. 30, 31). Body with sparse minute curving simple 
setae. Integument minutely tuberculate. Maximum length, 1.3 mm. 
I have seen a few individuals in which the two anterior white spots of 
the body were absent. 
The proximal inner tooth of the unguis may be absent. 
Ryder's description and figure are sufficient to place this common 
species. Its markings are distinctive, there being no other known species 
in our fauna with which it could be confused. 
I have studied cotypes of Harvey's 6-maculata. 
The Mexican form referred to quadrimaculatus by Handschin (1928a) 
is evidently another species. I name it Sminthurinus handschini. 
S. quadrimaculatus is commonly found under loose decaying bark of 
trees or logs, often in large colonies. When it inhabits the decaying black-
ish powder left by bark beetles, it may easily pass unnoticed, on account 
of its color and small size; but when it moves, and the sunlight is reflected 
from the white spots, it is easily seen with the naked eye. The species 
occurs also on fungi and on herbage. 
Maine: Orono, July, August, September, F. L. Harvey. 
Massachusetts: Arlington, May 1, July 6, 30, September 5, 12, J. W. 
F.; Waltham, July 29, J. W. F.; Framingham, June 13, C. A. Frost; South 
Natick, November 7, A. P. Morse; Springfield, June, G. Dimmock. 
New York: Ithaca, July 20, A. D. MacGillivray; MeLean, May 16, 
C.R. Crosby; Mendon Ponds, October 14, E . A. Maynard. 
Pennsylvania: Philadelphia, J. A. Ryder. 
Florida: Gainesville, March 17, T. H. Hubbell. 
Illinois: Homer, May 12, 13, June 21, October 11, 13, J. W. F.; Ur-
bana, October 15, 21, J. W. F.; Oakwood, April 20, T. H. Frison. 
Iowa: Ames, November 1, H.B. Mills. 
Sminthurinus aureus (Lubbock) 
Plate V, fig. 32-38; Plate VI, fig. 39-44 
Bmynthwru.a aurem Lubbock, 1862, 1873; Uzel, 1890; Mills, 1930b. 
Bmt-ntMmis aureus Tull berg, 1872; SchOtt, 1894, 1902; Lie· Pettersen, 1896; Carl, 
1899, 1901; Kra.usbauer, 1902; Guthrie, 1903. 
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Smynth111r.w henshaww Folsom, 1896. 
Sminthurmus ooreus BOrner, 1901; lgren, 1903; Axelson, 1904, 1905; Collinge and 
Shoebotham, 1910; Linnaniemi, 1907, 1912; Denis, 1921, .1922, 1927, 1931; Stach, 1921, 
1922, 1929; Handschin, 1929; Womersley, 1932. 
Dark orange; abd. 6 paler. Dorsum dusky in large individuals. Eye 
spots black, with a large buff spot on the mesal side of each. Median ocellus 
prseent. Face strongly gibbous above the mouth. Ant. 1 and 2 pale yellow; 
3 pale yellow basally, dark purple distally; 4 dark throughout. Legs pale 
orange. Furcula unpigmented. Eyes (Fig. 32-34) 8+8, two being smaller 
than the others. Antennae three-tenths longer than the head, with segments 
about as 1: 2: 3: 6. Proximal tubercle of ant. 3 simple (Fig. 35, 36). Ant. 
4 not subsegmented. Unguis (Fig. 37-39) slender, with or without an inner 
tooth, and without lateral teeth. Unguiculus (Fig. 37) more slender on 
the fore feet, with a subapical filament exceeding the · unguis; untoothed 
usually. Unguiculi of mid and hind feet broader, with shorter subapical 
filament and with an inner tooth (Fig. 38, 39). Tenent hairs 4 to 8. 
Dentes 2.3 to 2.5 times as long as mucrones. Mucro (Fig. 40, 41) with 
inner margin serrate, sometimes obscurely; outer margin entire, or obscure-
ly toothed proximally. Rami of tenaculum (Fig. 42) tridentate, with a 
proximal appendage; anterior lobe with two setae (sometimes one). Sub-
anal appendages of female (Fig. 43, 44) of the palmate type. Clothing of 
sparse short setae. Bothriotricha : 3 on each side of the abdomen ; 1 anter-
olaterally on each side of abd. 5. Integument finely tuberculate. Maximum 
length, 1.1 mm. 
The proximal tubercle of ant. 3 is in some individuals absent, appar-
ently. 
In North America, as in Europe, this species is highly variable in color-
ation, but the color variations have not yet been studied thoroughly in this 
country. 
In 1898 I sent Massachusetts specimens of my S. henshawii to Dr. C. 
Schaffer, who reported that they differed from S. aureus Lubb. only in the 
very dark color of the last two antenna! segments. He gave me European 
examples of aureus for comparison. 
S. aiweus is common in the soil under dead leaves, logs, boards, stones, 
etc., and often occurs on temporary pools of rain water. It may be taken 
throughout the winter. 
Massachusetts: Cambridge, February 24, 25, 26, March 14, October 
22, J. W. F.; Arlington, January 6, February 21, March 10, April 9, 11, 
12, September 5, 25, J. W. F.; Stony Brook, June 12, J. W. F. 
Illinois: Homer, February 29, March 1, 2, April 23, 24, 25, 29, J. Vv. 
F.; Urbana, April 30, May 9, J. W. F. 
Iowa: Ames, March 28, April 6, H. B. Mills; Sioux City, January 
17, C. N. Ainslie. 
Minnesota: March, April, December, J. E. Guthrie. 
Canada: Arn prior, Ontario, January, February, C. Macnamara . 
.Sminthurinus elegans (Fitch) 
Plate I, fig. 2; Plate VI, fig. 45-47; Plate VII, fig. 48-51 
Smynthurw elega'llS Fitch, 1863; Packard, 1873; :MacGillivray, 1891, 1894. 
Sminthurw quadrilineatus Tullberg, 1871, 1872; Schott, 1894; Reuter, 1895; Schif-
fer, 1896; Poppe and Schaffer, 1897; Scherbakow, 1898; Carpenter and Evans, 1899; 
Krausbauer, 1902. 
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Sminthurmus awrtms var. quadrilmeata Borner, 1901; Xgren, 1903; Axelson, 1905; 
Linnaniemi, 1912; Stach, 1922, 1929; Handschin, 1928a, 1929. 
Sminthurus aureus var. quadnlineatu-s Schott, 1902. 
8mint1vurinus elegans, Folsom, 1928; Mills, 1930b. 
Body color pale yellow, yellowish green, or green; pigment black. On 
each side of the body are two irregular black stripes (Fig. 2): a wide 
lateral stripe continued forward on the gena, and a narrower subdorsal 
stripe, more or less broken. Along the median dorsal line of the body is an 
anterior moniliform stripe. Abd. 6 yellow. Head yellow, with a median 
dark brown stripe between the eyes, separated from the eyes by a white 
spot on each side. Median ocellus present. Sternum, legs beyond coxae, 
and furcula white. Ant. 1 and 2 white; ant. 3 and 4 purplish, or ant. 3 
white proximally. Eyes (Fig. 45) 8+8, with two much reduced, on each 
side. The proximal tubercle of ant. 3 is said to be simple; I have not been 
able to see it yet. Ant. 4 not segmented. Proximal precoxa of mid leg with 
an anterior elongate rounded lobe (Fig. 46); on hind legs, a hemispherical 
lobe in a similar position. Unguis (Fig. 47, 48) untoothed as a rule, oc-
casionally with a weak inner tooth. In potassium hydroxide a feeble distal 
tunica appears (Fig. 48). Unguiculus with a subapical seta exceeding the 
unguis on the fore feet only. Tenent hairs 3 or 4 (sometimes 5). Mucro 
(Fig. 49) about half as long as dens; inner margin serrate, the teeth some-
times rounded; outer margin entire, or obscurely toothed proximally. 
Tenaculum (Fig. 50) stout; rami tridentate, with a basal papilla; anterior 
lobe with one seta. Anal appendages of female (Fig. 51) with four or five 
branches. Clothing sparse, short. Integument granulate. Maximum 
length, 1 mm. 
As a variation, the median dorsal moniliform line may be absent. 
In some specimens from Ames, Iowa, all four antennal segments are 
ferruginous, with ant. 4 darker distally. Legs white, with the tibiotarsi 
and sometimes the femora ferruginous. 
Often the body is entirely black, with the legs white (var. ochropus 
Reut.). 
This common species, with its distinctive coloration, is evidently the 
form that Fitch described as elegans, especially since we know of no other 
species that could be confused with it. 
In 1898 I sent specimens of elegans to Dr. C. Schaffer, who reported 
that they were quadrilineatus Tull., of which he gave me European ex-
amples. 
S. elegans is a species of the soil, and often occurs under sticks or logs 
in grassy places, and on the leaves of herbs. 
Maine: Orono, May, F. L. Harvey. 
Massachusetts: Cambridge, October 22, J. W. F.; Arlington, April 
21, 23, May 1, 2, 3, 5, 10, 13, 27, August 21, J. W. F.; Belmont, May 25, 
J. W.F. 
New York: May, A. Fitch. 
Illinois: Homer, April 28, 29, 30, May 11, 14, June 3, 6, J. W. F. 
Iowa: Ames, November 1, H. B. Wells. 
Tennessee: Knoxville, J. Curtis. 
Washington: Yakima, August 23, October 22, A. R. Rolfs. 
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Bourletiella arualis (Fitch) 
Plate VII, fig. 52-56; Plate VIII, fig. 57, 58 
Smgn.thurw aroolM Fitch, 1863; Packard, 1873; !lacGillivra.y, 1891, 1894. 
Smyntlwn'w luteu.s Lubbock, 1968, 1873. 
Sminthurw fulmM Lie-Pettersen, 1896, 1898. 
SminthW"w luteu.s Seha1!er, 1896, 1900; Carpenter and Evans, 1899; Borner, 1901; 
Krausbauer, 1902; lgren, 1903. 
Bourletiella lutea Collinge and Shoebotham, 1910; Linnaniemi, 1912; Bartholin, 
1916; Brown, 1918; Handechin, 1919, 1924, 1928b, 1929; Wahlgren, 1919; Stach, 1922, 
1929; Denis1 1931. 
BoW"let'6ll.a aroolis Folsom, 1928; Womersley, 1932. 
Yellow; sternum white; eye spots large and black. Ant. 1 and 2 pale; 
3 and 4 purple, or 3 pale proximally. Legs pale yellow. Furcula unpig-
mented, or pale yellow basally. Eyee: (Fig. 52) 8+8, the inner eye reduced. 
Antennal ratio about as 2: 3: 6: 9. Ant. 4 six or seven-segmented, with 4 
or 5 intermediate subsegments (Fig. 53). Ant. 3 organ as in figure 54. 
Claws alike on all feet. Unguis (Fig. 55) broad, feebly curving, with a 
pair of lateral teeth and an evident tooth near the middle of the inner 
margin. Unguiculus with a short subapical seta. Tenent hairs usually 3. 
Dens about two and one-half times mucro. Mucro (Fig. 56) with entire 
margins. Rami of tenaculum (Fig. 57) tridentate; anterior lobe relatively 
large, with two setae (rarely three). Anal appendages of female as in 
figure 58; minutely fringed apically. The anal segment of the male bears 
a median dorsal crest between five strong hooks, all of which point back-
ward. On each side of the crest are two similar hooks, one in front of the 
other. Just behind the crest is a more slender median hook. Body setae 
mostly short and curving. Integument granulate. Length, 1.2 mm. 
As variations, the inner tooth of the unguis may be absent, and only 
two tenent hairs may be present. 
European examples of luteus Lubb. agree accurately with North Amer-
ica specimens of arvalis Fitch, as I learned by an exchange of material with 
Dr. C. Schaffer. 
B. arvalis is common and often abundant in grasslands, clover fields, 
truck gardens, on herbage and on trees. Both Fitch and Lubbock have de-
scribed the peculiar playful antics of this species. 
Massachusetts: Boston, August 11, J. W. F.; Cambridge, May 23, 
June 11, J. W. F.; Arlington, May 3, 12, 14, 20, 23, 27, 31, July 10, 12, 18, 
27, September 5, 25, J. W. F.; Belmont, May 25, J. W. F.; Stony Brook, 
July 16, J. W. F.; Dedham, August 26, J. W. F. 
New York: Macedon, June 14, J. D. Hood; Rochester, July 9, J. D. 
Hood; Sea Cliff, Long Island, July 9, A. D. MacGillivray. 
Ohio: Salineville, February 6, A. D. MacGillvray. 
Bourletiella hortensis (Fitch) 
Plate VITI, fig. 59-65 
This common species, known as the garden springtail, was redescribed 
and discussed in Folsom, 1924. 
Packard's types of quadrisignatus and Harvey's types of albamaculata, 
which I have studied, are horten.sis Fitch. 
The identity of the European pruinosus Tullberg with hortensis Fitch 
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was learned through exchanges of specimens that I made with Dr. C. 
Schaffer and with Mr. William Evans. 
The following references complete the synonymy of hortensis, includ-
ing also that of the questionable species signata (Nicolet) Agren. 
Smynthwru.s hMtenris Fitch, 1863. 
Smint111Uru.s 8'goo-tu.s lgren, 1903. 
BO'Urletiella sigoota Shoebotham, 1914; Denis, 1921; Stach, 1921, 1929. 
BO'Urletiella pruiin-Osa Denis, 1922; Handschin, 1924. 
Sminth'UR"'US hortensis Folsom, 1924. 
Bowletiella hortensis Carpenter, 1925; Davies, 1925, 1926; Folsom, 1928; Denis, 
1930; Mills, 1930a, 1930b; Womersley, 1932. 
Denis (1930) correctly notes that the two lateral teeth of the unguis 
are at different levels (Fig. 59), and that the seta of the unguiculus is sub-
apical in position (Fig. 60). He found only three setae on the lobe of the 
tenaculum. Three setae are common in North American specimens also 
(Fig. 61), and rarely only two are present. 
In the North American specimens that I have examined, the subanal 
appendages of the female are consistently like figure 62. I add figures of 
the eyes (Fig. 63, 64), which differ from those of arvalis, and give a new 
figure of the mucro (Fig. 65). 
B. hortensis is a common species every year in fields and gardens in 
May and June. It is usually common on flowers of dandelion, the pollen of 
which it eats. In occasional years this species appears in enormous numbers 
and becomes a pest of great, though local, importance on seedlings. It bas 
often ruined entire :fields of young onions, cucumbers, cabbages, beets, 
turnips, mangolds, etc. This garden springtail has been destructive to more 
than thirty kinds of cultivated plants, and its list of food plants includes 
all the common plants of the truck garden and tobacco and wheat as well. 
My numerous records of this species are from Maine, Massachusetts, 
Connecticut, New York, New Jersey, Pennsylvania, Virginia, Ohio, Illinois, 
Tennessee, Iowa, Ontario, and Nova Scotia. 
B<YUrletiella spinata ( MacGillivray) 
Plate VIII, fig. 66, 67; Plate IX, fig. 68·76 
Smynthwru.s spinatu.s MacGillivray, 1893, 1894; Mills, 1930b. 
Sminthurus spioo-tus Guthrie, 1903. 
Bourletiella spinata Folsom, 1928. 
Female: Olivaceous. Head olivaceous between the eyes and around 
the mouth ; face purplish ; genae pale. Body olivaceous to purplish or 
fuscous above. On the dorsum, anteriorly, is a large transverse elliptical 
pale area bounded behind by a curving row of minute pale spots; an an-
terior median dorsal white stripe is usually present; on the middle of the 
dorsum are several groups of circular white spots; posteriorly, on each side, 
a longitudinal row of four to ten round equal white spots. Body laterally 
olivaceous with abundant rounded or elongate white spots intermixed with 
black areas. At the base of the furcula there is a large pale area on each 
side of abd. 4. Sternum olive posteriorly. Ant. 1. 2. and 3 pale purple 
with dark purple apical ring; ant. 4 purple. Legs purplish or fuscous, 
mottled with olive or whitish blotches; apex of tibiotarsus blackish purple. 
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Manubrium and dentes mottled with purple; mucro pigmented. Eyes (Fig. 
66) 8+8, two smaller than the others. Median ocellus present. Antennae 
almost twice as long as the head, with segments about as 1 : 3 : 4.5 : 9; 
ant. 4 with at ]east 17 subsegments, there being 15 evident subsegments 
between the basal and the apical segments. Ant. 3 organ as in figure 67. 
Unguis (Fi0 '. 68, 69) with one inner tooth. Unguicu1us rudimentary, spini-
:form, on the fore and mid feet (Fig. 68); well developed, elliptical, apically 
setaceous, on the hind feet (Fig. 69). Tenent hairs three. Dentes (Fig. 
70) each with a row of long closely set setae on each side; each of the mesal 
setae (excepting- about eight proximal ones) has a posterior striated mem-
branous expansion, as in figure 71; the lateral setae are simple. Mucrones 
(Fig. 70, 72) obovate in dorsal aspect, lamel1ate, the outer lamella coarsely 
and irregularly toothed, or almost entire. Mucronal seta absent. Rami 
of tenaculum (Fig. 73, 74) tridentate, with a basal appendage; anterior 
lobe elongate, with two terminal setae. Subanal appendages of female (Fig. 
75) six-sevenths as long as mucro. Clothing of abundant curving simple 
white setae of moderate length; many of these, especial1y those between 
the eyes, arise each from a round pale spot. Integument smooth. Maximum 
length, 2.3 mm. 
Male: Smaller than the female and more blackish. Head and body 
dorsally olivaceous to fuscous. Head blackish laterally. Body blackish 
laterally with small white or yellow spots. Ant. 1 and 2 pale yellow, black 
apically; 3 pale yellow or pale purple, black apically; 4 blackish purple. 
Antennae more than twice as long as the head, with segments about as 
1 : 3.5 : 4.5 : 9. Legs pale yellow, tibiotarsi black apically. Dentes pale 
yellow; manubrium with a little apical pigment. Anal segment with a pair 
of stout porrect spines (Fig. 76). Structurally, the antennae, claws, and 
furcula are as in the female. 
This species is very variable in coloration. The prevailing color is 
sometimes clear green. Some individuals have a broad olivaceous median 
dorsal stripe. 
Two cotypes, given to me by Dr. MacGillivray, have enabled me to 
identify this species definitely. 
B. spinata is common on standing water and on wet vegetation and 
debris on the shores of ponds and streams. Its ability to leap on the surface 
of water is exceptional, owing to the special structural adaptations of the 
furcula. 
Maine: Brownsville, June 25, H. Wilder. 
Massachusetts: Cambridge, April 29, J. W. F.; Arlington, May 23, 
June 19, 27, July 10, 16, November 16, J. W. F.; Belmont, October 23, J. 
W. F.; Waltham, May 9, J. W. F.; Stony Brook, May 16, August 4, J. W. 
F.; Norwood, August 26, J. W. F.; Dedham, July 12, J. W. F.; East Ware-
ham, H. J. Franklin; Mt. Tom, September 10, G. Dimmock. 
New York: Ithaca, A. D. MacGillivray. 
Illinois: Volo, June 16, T. H. Frison. 
Iowa: Gilbert, June 13, H.B. Mills . . 
Kentucky: March 31, F. M. Webster. 
Louisiana: June 6, J. W. F. 
Texas: Bryan, March 28, W. L. Owen, Jr. 
Minnesota: J. E. Guthrie. 
Manitoba: Birtle, Ju]y 1-7, R. D. Bird. 
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Sminthurus purpurescens (l\facGillivray) 
Plate X, fig. 77-80 
Papirvus purpwresoens MaeGillivrny, 1894. 
Blackish purple. Head between the antennae washed with yellowish 
Ant. 2 white. Legs, manubrium, and dentes dark. Eyes s+s, with one 
small inner eye on each side. Ant. 1 one-third as long as ant. 2. "Claws 
short, stout, outer broadly rounded, with two teeth, one at middle, the other 
at base, inner claw nearly as long as outer, more slender, with two bristles 
at tip." (MacGillivray.) Tenent hairs present. Dentes subequal to ma-
nubrium in length, with simple dorsal setae. Mucro (Fig. 77) one-third 
as long as dens, apically rounded in lateral aspect, with low rounded teeth; 
outer margin entire except for two distal teeth and traces of four proximal 
teeth; inner margin with ten teeth; mucronal seta present. Rami of ten-
aculum (Fig. 78) tridentate; anterior lobe with four stout setae. Subanal 
appendages of female (Fig. 79, 80) about four-fifths as long as mucro, 
elongate, with several terminal branches. Clothing of numerous stiff or 
curving setae of moderate length. Anal segment with long stiff setae, some 
of which are feebly subclavate, while some are slightly roughened, though 
none are fringed. Bothriotricha three on each side of the body; two on 
each side of the genital segment. Length, 2 mm. 
Apparently there is only one type of this species, and in that specimen 
the antennae and claws are broken off. MacGillivray described the species 
as a Papirius, although he said that the last two antennal segments were 
lacking. The species does not belong in Dicyrtominae but falls in Smin· 
thurinae, and is apparently a Sminthurus. 
New York: Sea Cliff, Long Island, N. Banks. 
Sminthitrus floridani1s (MacGillivray) 
Plate I, fig. 3; Plate X, fig. 81-85 
Smyntlwru.s floridaMMJ MaeGillivray, 1893. 
Smynth!uru.s floridana MaeGillivray, 1894. 
Abd. 4 with a large posterior median dorsal protuberance (Fig. 3, 81). 
Between this and the head is a large subtriangular blackish purple area. 
Anogenital segment marked with blackish dorsally, otherwise olive mottled 
with brown. Abdomen laterally olive mottled with light brown or purple. 
Sternum olive. Head blackish purple, with paler lines; oral region olive. 
Ant. 1 dark purple; 2, 3, and 4 olive. Legs pale olive, Furcula Un.-
pigmented. Ant. 2 : 3 : 4 about as 2 : 3 : 10. Ant. 4 (Fig. 82) with 
20 subsegments (18 intermediate segments). Unguis (Fig. 83) stout, with 
a tunica, an inner tooth at the middle, and an outer tooth near the base. 
Unguiculus with a subapical filament. Mucro (Fig. 84) with outer margin 
entire, inner margin with several blunt teeth, apex obliquely truncate, 
without mucronal seta. Rami of tenaculum (Fig. 85) tridentate, anterior 
lobe with two apical setae. Body with long white setae, curving on the 
anterior dorsum, stiff posteriorly. Length, 1.6 mm. 
This incomplete description is based upon the original description and 
the unique and defective type. It should, however, enable this peculiar 
species to be recognized. 
Florida : N. Banks. 
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Smi?tthurus packardi (Folsom) 
Pla.te X, fig. 86-88; Pla.te XI, fig. 89·99 
Payriua Tezenail Pa.ekard, 1873 (in pa.rt). 
Bmynt1wwua packardit Folsom, 1896b. 
Body subtriangular, dilated broadly behind (in many of the indivi-
duals), pale luteous or whitish, spotted with black dots dorsally, with a 
large anterior pale area. The dorsal pattern of the anal segment is essen-
tially as in figure 86. Head white between the eyes, with a wide pale me-
dian stripe down the face. Antennae purplish, or 1 and 2 pale yellow. The 
precoxae, coxae, and trochanter are each banded with purple, and a band 
occurs also at the middle of the femur and at the base of the tibiotarsus, 
which is also purple apically. Manubrium pigmented apically or almost 
entirely, and dens basally and dorsally, with purple. Eyes on conspicuous 
black patches, 8+8 (Fig. 87). Antennae about twice as long as the head, 
with segments about as 1 : 2 : 3 : 8; ant. 4 with 16 or 17 intermediate 
segments between the basal and apical segments. Ant. 3 with several 
proximal macrochaetae (the longest setae of the segment) and with sensory 
organ as in Figure 88. Unguis (Fig. 89, 90) with a tunica, an inner tooth 
at the middle, a pair of long serrate pseudonychia, and a long outer proxi-
mal tooth. Unguiculus (Fig. 89) with an inner tooth and a subapical seta 
extending as far as, or beyond, the opposite unguis. Tenent hairs absent, 
represented by two long simple setae. In both sexes a hemispherical an-
terior lobe is present on the fore legs between the distal precoxa and the 
coxa (Fig. 91, 92) ; an elongate anterior lobe on the mid legs, on the distal 
precoxa (Fig. 93, 94); and a small anterior lobe on the hind legs, on the 
proximal precoxa (Fig. 95). Mucro (Fig. 96, 97) one-third to two-fifths 
as long as dens, obliquely truncate apically, with a lateral seta; outer dorsal 
margin entire, inner margin with usually 9 or 10 large teeth (8, 11 and 
14 were also seen). Rami of tenaculum tridentate (Fig. 98); anterior lobe 
with four setae. Anal appendages of female (Fig. 99) simple, arcuate, 
three-fourths as long as mucro. Clothing of long curving white hairs, 
minutely roughened. Bothriotricha of abd. 4, 3+ 3; of abd 5, 2+2, each 
pair arising from the same lateral tubercle. Integument minutely tuber-
culate. Maximum length, 1.75 mm. 
The coloration is very variable. 
This species is common in Texas under dead leaves. In one locality 
(Avery) it was damaging tomatoes, according to Mr. H. B. Mills. 
Texas: Waco, G. W. Belfrage; Avery, April 5, H. B. Mills; Bryan, 
March 25, April 12, H. B. Mills; College Station, March 3, September 4, 
November 5, H. B. Mills. 
Sminthurus fitchi (Folsom) 
Plate XII, fig. 100-105 
Bmynth-urw jitchit Folsom, 1896d. 
Pale translucent yellowish green, in individuals of moderate size. The 
contents of the alimentary canal, showing through the skin, appear as a 
large, blackish, backward-pointing triangle, extending the length of the 
dorsum. Body in largest individuals dusky throughout, with large pale 
rounded spots laterally. Head pale green. Ant. 1 and 2 white; 3, white 
to dilute purple; 4, dark purple. Legs and furcula pale green. Eyes (Fig. 
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100) 8-1-8, the inner eye smaller. Antennae four-fifths longer than the 
head, with segments about as 2 : 3 : 5 : 14; ant. 4 with 17 subsegments 
(15 intermediate segments); ant. 3 with macrochaetae proximally. Unguis 
(Fig. 101, 102) with a tunica, one inner tooth at the middle, and a pair of 
long serrate pseudonychia. Unguiculus with an inner tooth, absent on 
the fore feet, and a subapical filament about two-thirds as long as the un· 
guiculus. Tenent hairs absent. Mucro (Fig. 103) one-third as long as 
dens, with apex obliquely truncate; outer margin entire, inner margin with 
8 to 10 coarse,· blunt, irregular teeth; mucronal seta present. Rami of 
tenaculum (Fig. 104) tridentate, without basal appendage; anterior lobe 
with three setae. Suba.nal appendages of female (Fig. 105) simple, spine-
like, curving, three-fourths as long as mucrones. Dorsum with long curv· 
ing simple white setae; face with dense short curving white setae. The 
largest setae are minutely roughened on all sides. Integument minutely 
pseudo-tuberculate. Maximum length, 2.2 mm. 
S. fitchi is close to S. viridis L. The principal difference between the 
two species is in the mucrones, both margins of which are untoothed in 
viridis. 
This species was common in Massachusetts on wet logs and sticks in 
pine woods. Dr. H. J. Franklin swept it from vines in a cranberry bog. 
Massachusetts: Arlington, July 22, 30, August 19, 21, September 25, 
J. W. F.; Belmont, May 25, J. W. F.; East Wareham, September 1, H.J. 
Franklin. 
Dicyrtomina opalina (Folsom) 
Plate XII, fig. 106-110 
PapirW.S opali-nu.s Folsom, 1896e. 
General color orange-rufous or ferruginous. Anterior dorsum trans-
lucent orange-ochraceous, often with a long broad median shading of green, 
due to chlorophyll in the mid intestine; posterior dorsum and sides orange-
rufous to dark ferruginous, often with a tinge of maroon, the general 
color being the combined effect of minute orange-ochraceous and ferru-
ginous mottlings. Sternum pale yellow, with three pairs of buff-yellow 
tubercles. Head, first two antenna! segments, and legs pale orange-ochra-
ceous; ant. 3 and 4 purple. Dentes pale orange-rufous. Eyes (Fig. 106). 
s+s, the inner eye smaller. Antennae four-fifths longer than the head, 
with segments about as 2 : 10 : 12 : 3; without subsegments. Claws stout 
(Fig. 107). Unguis with a tunica, a pair of serrate pseudonychia, a pair 
of lateral teeth on each side, and two inner teeth: one-fourth and one-half 
the distance from the apex, respectively. Unguiculus with an inner proxi-
mal tooth and a subapical seta. Dens with two dorsal rows of simple setae. 
Mucro (Fig. 108) one-third as long as dens, with both dorsal margins 
serrate; outer teeth about 26; inner, about 21. Rami of tenaculum (Fig. 
109) tridentate; anterior lobe with two setae. Subanal appendages of 
female (Fig. 110) simple, spinelike, feebly curving, one-half as long as 
mucrones. Anterior dorsum naked ; posterior dorsum with a few short 
white setae upon minute round orange-ochraceous spots. Head with a few 
short setae on the front; vertex almost naked. Integument finely tuber-
culate. Maximum length, 1.6 mm. 
This species occurred with P. vittata in a greenhouse, where it fed on 
algae on flower pots. 
Massachusetts: Cambridge, February 2, 3, 16, J. W. F. 
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D·icyrtoma hageni (Folsom) 
Plate I, fig. 4; Plate XIII, fig. 111-117 
Papirius hagenii Folsom, 1896a. 
Abdomen blackish purple above with a posterior dorsal pattern of 
yellowish brown, variable in form, sometimes almost absent, typically as 
in figure 4. The pattern may, however, consist of five spots: a median 
elongate mark widening behind; an anterior pair of spots more or less 
three-lobed; and a posterior pair of transverse marks. The blackish pig-
ment covers the sides and meets the pale yellow sternum with a well de-
fined but zigzag margin. Th. 1 and often th. 2 yellow. Abd. 6 yellow. 
Head orange-ochraceous, oral region orange, eye spots black. First two 
antennal segments orange, last two purplish. Legs yellow, paler basally. 
Furcula pale yellow basally, becoming white distally. Eyes (Fig. 111) 
s+s, two smaller than the others. Antennae three-fifths longer than the 
head, with segments about as 1 : 4 : 5 : 1.5. Ant. 3 and 4 not subsegmented. 
Ant. 3. organ of two simple papillae. Unguis (Fig. 112) without a tunica, 
with a pair of distal outer teeth, with a pair of weakly serrate pseudonychia, 
with a constant inner tooth one-third the distance from the apex, and often 
with traces of a proximal and a distal inner tooth. Unguiculus (Fig. 113) 
with an inner basal tooth and a strong knobbed subapical filament. Tenent 
hairs absent. Dentes with two dorsal rows of setate, mostly serrate (Fig. 
114); outer row of 8 setae of which the proximal one or two are simple; 
in addition a lateral subapical serrate seta is present. Mucro (Fig. 115) 
with both dorsal margins minutely serrate; outer teeth about 33, inner 
teeth about 40. Rami of tenaculum (Fig. 116) tridentate, with a basal 
papilla; anterior lobe with 3 or 4 setae. Subanal appendages of female 
(Fig. 117) spinelike, two-thirds as long as mucro. Abdomen posteriorly 
with short erect simple setae. Integument minutely tuberculate. Maxi-
mum length, 1.5 mm. 
The distal swellings on ant. 3 suggest segmentation, but no subsegments 
are actually differentiated. 
The only examples of this species that I have seen are those collected 
by myself, in humus, mostly among dead pine needles. 
Massachusetts: Arlington, June 6, 12, 29, July 17, August 15, Sep-
tember 21, 25, 30, J. W. F.; Stony Brook, June 12, J. W. F. 
Ptenothrix unicolor (Harvey) 
Plate XIII, fig. 118-122; Plate XIV, fig. 123-128 
Papirim wnicolor Harvey, 1893. 
Pa.pirW..S pim Folsom, 1896a. 
Ptenothri:x: 'URllioolor Folsom, 1928. 
Light brownish purple. Dorsum dark. Laterally with many pale 
spots of various 'forms. Sternum pale. Head, anogenital segment and bases 
of legs paler, more brownish. Ant. 1 and base of ant. 2 paler, brownish; 
remainder of antennae dark purple. Tibiotarsi dark purplish. Manubrium 
and dentes tinged with purple. Eyes (Fig. 118) s+s, two smaller than 
the others. Median ocellus present. Antennae four-fifths as Jong as the 
body. Ant. 3 with six equal intermediate segments between the long basal 
segment and the short swollen apical portion. Ant. 4 with four or five 
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evident proximal segments before the conical end-segment. Ant. 3 sense 
organ (Fig. 119) with a pair of papillae, without guard setae. Unguis 
(Fig. 120, 121) with two inner teeth, and a pair of lateral teeth on each 
side. Unguiculus (Fig. 120) with a strong inner tooth and a subapical 
seta exceeding the unguis. Dens with two dorsal rows of setae, mostly ser-
rate (Fig. 122) ; outer row of 8 setae (occasionally 9), the proximal seta 
simp1e, with an additional subapical lateral enlarged seta (Fig. 123) ; inner 
row of 10 setae, the two proximal of which are simple. Dens with 4 long 
outstanding dorsal hairs and with 7 strong distal ventral setae : 4 median, 
2 outer and 1 inner. Mucro (Fig. 123) almost one-third as long as dens, 
with both dorsal margins serrate; outer teeth 19-22, inner teeth 23-30. 
Rami of tenaculum (Fig. 124) tridentate; anterior lobe slender, with 4 
apical setae (sometimes 3). 
Subanal appendages of female (Fig. 125) simple, spinelike, from one-
half to two-thirds as long as mucro. Genital regions as in Figures 126 and 
127. Dorsum anteriorly with strong spinelike setae (Fig. 128) ; posteriorly 
with abundant minute erect setae. Bothriotricha: one dorsal pair from 
the large tubercles on abd. 4 ; one lateral abdominal pair ; one dorsal pair 
on the anal segment; one antero-lateral pair on the subanal lobes. Length, 
1.6 mm. ; maximum, 2.5 mm. 
Individuals often occur that are much browner than usual. 
Among the many specimens that I studied were some of Harvey's 
cotypes. 
P. unicolor is one of our commonest sminthurids. It occurs under 
damp logs, under damp loose bark, in humus and in moss, and is common 
on agarics and other fungi in company with P. marmorata. 
Maine: Orono, October, November 8, F. L. Harvey. 
New Hampshire: Pinkham, July 23, C. A. Frost. 
Massachusetts: Arlington, May 27, September 5, 12, 19, 25, October 
14, J. W. F.; Stony Brook, June 12, J. W. F.; Dedham, July 12, 21, J. W. 
F.; Norwood, August 26, J. W. F.; Sherborn, June 17, 28, September 17, 
October 30, C. A. Frost; Wayland, September 18, November 2, C. A. Frost; 
Natick, August 17, 24, September 14, 21, C. A. Frost; Framingham, March 
30, June 13, 17, July 17, C. A. Frost. 
New York: Ithaca, July 25, A. D. MacGillivray; Lakeville, October 
8, E. A. Maynard. 
Illinois: Homer, April 24, May 5, 11, 12, 22, 28, October 13, J. W. 
F.; Urbana, October 4, J. W. F. 
Wisconsin: Two Rivers, August 27, J. W. F. 
Canada: Arnprior, Ontario, June, July, August, C. Macnamara. 
Ptenothrix olympia ( MacGillivray) 
Plate II, :fig. 5, 6; Plate XIV, fig. 129·134 
Papirius olynipius MacGillivray, 1894. 
Figures 5 and 6. ''Reddish, spotted with dark brown, in young speci-
mens purplish.'' ''Abdomen and thorax with two sinuate brown bands 
on each side of the dorsum, the middle ones meeting at the apex and base 
of the thorax, and on the basal half of the abdomen, also a band extending 
from this basal transverse band of the abdomen along the middle of the 
back towards the head, bilobed in front, a triangular spot just before the 
474 J. W. FOLSOM 
apex of the abdomen and promiscuous mottlings on the side, brown." 
(MacGillivray,) Sternum pale. Head mostly pale. Vertex with a median 
dorsal band. Ant. 1 pale; 2 pale purple, dark apically; 3 and 4 dark purple. 
Ant. 2 has numerous round black spots of various sizes. Coxa, trochanter, 
and femur pale; tibiotarsus pale proximally, purple distally. Furcula 
pale yellow; often purplish laterally at the apex of the manubrium and 
the base of the dens. Eyes s+s. Antennal segments about as 1 : 5 : 4 : 1; 
ant. 3 (Fig. 129) with 6 equal subsegments between the basal and the 
apical subsegments; ant. 4 with 4 subsegments. Unguis (Fig. 130, 131) 
slender, with two inner teeth, two lateral teeth on each side, and two small 
outer teeth. Unguiculus slender, with a inner spine and a long subapical 
filament. Dentes with two dorsal rows of setae, mostly serrate; outer row 
of 9 setae, the 2 proximal simple, the remaining 7 successively shorter and 
broader, and coarsely serrate (Fig. 132). An additional serrate seta occurs 
laterally and subapically. Mucro almost one-third as long as dens, each 
margin with about 25 teeth (Fig. 133). Rami of tenaculum (Fig. 134) 
tridentate; anterior lobe with five setae. Head and body with stiff white 
setae; dorsum anteriorly with strong spikelike setae; posteriorly with 
abundant minute stiff setae; anal segment with long stiff setae dorsally 
and weaker setae posteriorly. Maximum length, 3 mm. 
Redescribed from several of the cotypes. 
Washington: Olympia, T. Kincaid. 
Ptenotlu·ix texensis (Packard) 
Plate XIV, :fig. 135; Plate XV, :fig. 136, 137 
Papir~ texensis Packard, 1873 (in part); Folsom, 1896b. 
Pale luteous marbled with brown and black; head paler. Antennae 
pale reddish brown, or purple, darker distally. Legs white, banded with 
purple: trochanter banded; femur with a distal band; tibiotarsus with a 
proximal and a middle band. Eyes probably s+s, the inner eye one-half 
the diameter of the others. Antennae 1.8 times as long as the head, with 
segments about as 1 : 5 : 5.5 : 2, or 1 : 6 : 7 : 2; ant. 3 with ten distal 
subsegments; ant. 4 unsegmented. Unguis (Fig. 135) with two inner teeth, 
either or both of which may be obscure, and two obscure lateral teeth on 
each side (these teeth being smaller than in figure 135). Unguiculus with 
a strong inner spine and with a long subapical filament exceeding the un-
guis. Tenent hairs absent. Dens three to four times as long as mucro, 
with two dorsal series of setae: an outer row of 8 and an inner row of 9; 
outer row with 3 to 5 proximal simple setae and 5 to 3 distal serrate setae ; 
inner row with 4 proximal simple setae and 5 distal serrate setae; the 
serrate setae are relatively slender and few-toothed (Fig. 136). Mucro 
(Fig. 137) with three rounded apical lobes and with both dorsal margins 
serrate ; the teeth small and rounded. Clothing of long stout stiff setae 
on the vertex, anterior dorsum of the body, and sides of dentes. There 
are a few short setae above the mouth and on the posterior dorsum. Abd. 
6 with long curving setae. Length, 1.3 mm. 
This description and figures were made from Packard's types. 
Texas: Waco, G. W. Belfrage; College Station, October 9, H. B. Mills. 
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Ptenothrix marmorata (Packard) 
Plate II, fig. 7, 8; Plate XV, fig. 138-143 
Pap~ marmoratwi Packard, 1873; MacGillivray, 1891. 
Papiri'Us testudmeatm Folsom, 1896a. 
Ptenothrix test'Udineatus Handschin, 1928a. 
Ptenothrix marmoratus Folsom, 1928. 
Dark purple, with conspicuous wax-yellow patterns. These patterns 
are variable but essentially as in figures 7 and 8. The median dorsal stripe 
on the anterior hal£ of the abdomen is constant. The pair of large dorsal 
tubercles on abd. 4 are white. Sternum pale yellow. Ventral tube purple. 
Ant. 1 white, purple apically; 2 pale purple; 3 and 4 purple. Trochanter 
and tibiotarsus purple; femur purple, white basally and apically. Furcula 
pale purple, unpigmented in the young. Eyes (Fig. 138) 8+8, two smaller 
than the others. Antennal segments about as 1 : 8 : 10 : 2; ant. 3 with 
8 subsegments ( 6 intermediate) ; ant. 4 with 5 subsegments ( 4 basal sub-
segments being evident). Unguis (Fig. 139) with two inner teeth, and a 
pair of lateral teeth on each side. Unguiculus with a strong inner spine 
and a subapical seta extending as far as the unguis or a little beyond it. 
Dens with two dorsal rows of setae; (1) an outer row of 8 setae, of which 
the proximal 1 or 2 are simple, while the others successively become broader 
basally and more seITate (Fig. 140, 141); with an additional seta, usually 
serrate, subapical and lateral in position; (2) an inner row of 10 setae, the 
proximal 2 simple and the others serrate. Dens with four very long out-
standing dorsal setae. Mucro one-third as long as dens, with both dorsal 
margins serrate (Fig. 142); outer teeth about 20, inner teeth about 27. 
Subanal appendages of female (Fig. 143) simple, spinelike, slightly curv-
ing, about one-half as long as mucro. Dorsum of body with a few long 
setae anteriorly and many shorter ones posteriorly; head with short stiff 
setae. Length, 2.2 mm. 
This species is common under damp logs and under loose damp bark. 
It often occurs on fungi, especially agarics. 
Maine: Brunswick, September 10, A. S. Packard; Orono, F. L. Harvey. 
New Hampshire: Mt. Madison, July 24, C. A. Frost; Pinkham, July 
23, C. A. Frost; Walpole, July 14, J. W. F. 
Massachusetts: Arlington, September 5, 19, 21, 25, J. W. F.; Belmont, 
May 5, J. W. F.; Cambridge, October 22, J. W. F.; Framingham, March 
30, C. A. Frost; Natick, August 17, C. A. Frost; Sherborn, June 17, C. A. 
Frost; Stony Brook, July 16, J. W. F.; Wayland, December, C. A. Frost; 
Woods Hole, September 15, A. S. Packard. 
· New York: Ithaca, Jult 1, A. D. MacGillivray; Schuyler County, 
June 5, C. R. Crosby, July 12, A. Wolf. 
Maryland: College Park, January 20 (in a greenhouse), E. N. Cory. 
Illinois: Homer, October 11, J. W. F. 
Texas: College Station, October 14, H. B. Mills. 
Canada: Arnprior, Ontario, C. Macnamara; Birtle, Manitoba, July, 
R. D. Bird. 
Ptenothrix vittata (Folsom) 
Plate XVI, fig. 144-151 
Papiri'US tJittatus Folsom, 1896e. 
Dorsal color pattern as in figure 144. Younger individuals dark purple 
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above with pearly markings, lavender or lilac beneath; older ones maroon 
to almost black above, the sides mottled with several shades of purple and 
brown. Head purple, with a broad white band across the front (Fig. 145); 
oral region whitish. Ant. 1 brownish; 2 brownish basally, purple at middle, 
pearly apically; 3 and 4 purple. Legs purple and wax yellow; trochanter 
purple; femur purple apically; tibiotarsus distally purple, proximally pale 
yellow or whitish with two wide purple bands. Manubrium purple ; dentes 
pale lilac. Eyes (Fig. 146) 8+8, two smaller than the others. Antennae 
about twice as long as the head, with segments about as 1 : 6-7 : 7-9 : 2; 
ant. 3 distally subsegmented, with 5 equal segments between the basal and 
the apical segments; ant. 4 with apparently 5 subsegments. Unguis (Fig. 
147) with two inner teeth, and two lateral teeth on each side. Unguiculus 
with an inner basal spine and a long subapical filament exceeding the 
unguis, longest on the fore feet. Dens with two dorsal rows of setae, mostly 
serrate (Fig. 148); outer row of 7 or 8, the proximal 3 simple. Mucro 
(Fig. 149) with both dorsal margins serrate; outer teeth about 26-29; inner 
teeth about 43. Anterior lobe of tenaculum with two pairs of curving 
apical setae. Subanal appendages of female (Fig. 150, 151) spinelike, 
straight or weakly curving, one-third as long as mucrones. Integument 
finely tuberculate. Maximum length, 3.3 mm. 
Thus far this species has been found only in greenhouses. It has been 
taken on wet decaying wood and on alga-coated flower pots. 
Massachusetts: Cambridge, February 2, 16, 18, 23, 25, March 15, J. 
W.F. 
Maryland: College Park, March 14, P. Garman; Silver Spring, No-
vember 18, G. D. Reynolds. 
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PLATE I 
Fig. 1. Sminthuriwu.s quadrimaculatus (Ryder). 
Fig. 2. Smint111Urinus elegans (Fiich). 
Fig. 3. S'llitnthwrus floridanus (MacGillivray). 
Fig. 4. Dicyrloma llage'IV. (Folsom). 
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PLATE II 
Fig. 5. Ptenothrix olympia (MacGillivray). 
Fig. 6. Ptenothriz olympia (MacGillivray). 
Fig. 7. Pte11otllriz n..armorata (Packard). 
Fig. 8. Ptenothri.z marmorata (Packard). 
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PLATE III 
Smintlmrinus remotifs (Folsom) 
Fig. 9. Eyes of left side. 
Fig. 10. Proximal tubercle of left ant. 3. 
Fig. 11. Right fore foot. 
Fig. 11. Right fore foot. 
Fig. 12. Left Mucro. 









Eyes of right side. 
Left ant. 3 sense organ. 
Proximal tubercle of left ant. 3. 
Left mid foot. 
Fig. 17. Right mucro. 
Fig. 18. Left aspect of tenaculum. 
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PLATE IV 
Sminthur·inus minutus (MacGillivray) 
Fig. 19. Left aspect of left subanal appendage of female. 
Fig. 20. Posterior aspect of left subanal appendage of female. 
Sminthuriwus quadrimaoul.atus (Ryder) 
Fig. 21. Eyes of left side. 
Fig. 22. Left ant. 3 sense organ. 
Fig. 23. Proximal tubercle of right ant. 3. 
Fig. 24. Right hind foot. 
Fig. 25. Concave aspect of right fore foot. 
Fig. 26. Left dens. 
Fig. 27. Ventral aspect of end of left dens. 
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PLATE V 
Smintlturin1ts quadriniaoulatus (Ryder) 
Fig. 28. Left mucro. 
Fig. 29. Left aspect of tenaculum. 
Fig. 30. Left aspect of left subanal appendage of female. 
Fig. 31. Posterior aspect of left subnal appendage of female. 
Smintlmrin11s amreiis (Lubbock) 
Fig. 32. Eyes of right side. 
Fig. 33. Eyes of left side. 
Fig. 34. Eyes of left side. 
1!1.g. 35. Proximal tubercle of left ant. 3. 
Fig. 36. Proximal tubercle of left ant. 3. 
Fig. 37. Right fore foot. 
Fig. 38. Left mid foot. 












490 J. W. FOLSOM 
PLATE VI 
Sminthuri'll'US aureus (Lubbock) 
Fig. 39. Left hind foot. 
Fig. 40. Right mucro. 
Fig. 41. Right mucro. 
Fig. 42. Left aspect of tenaculum. 
Fig. 43. Left aspect of left subanal appendage of female. 
Fig. 44. Posterior aspect of left subanal appendage of female. 
Sminthurinus elegans (Fitch) 
Fig. 45. Eyes of left side. 
Fig. 46. Appendage of proximal precoxa of left mid leg. 
Fig. 47. Left fore foot. 
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PLATE VII 
Sminthurinus elegans (Fitch) 
Fig. 48. Right hind foot. 
Fig. 49. Left mucro. 
Fig. 50. Left aspect of tena~ulum. 
Fig. 51. Left aspect of left subanal appendage of female. 
Boor let iella ar11alis (Fitch) 
Fig. 52. Eyes of right side. 
Fig. 53. Fourth antenna} segment of left side. 
Fig. 54. Right ant. 3 sense organ. 
Fig. 55. Fore foot. 
Fig. 56. Left mucro. 
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PLATE VIII 
Bourletiella ar,;alis (Fitch) 
Fig. 57. Left aspect of tenaculum. 
Fig. 58. Left subanal appendage of female. 
Bowrletiella hortensis (Fitch) 
Fig. 59. Concave aspect of right hind unguis. 
Fig. 60. Left hind foot. 
Fig. 61. Left aspect of tenaculum. 
Fig. 62. Subanal appendage of female. 
Fig. 63. Eyes of right side. 
Fig. 64. Eyes of right side. 
Fig. 65. Right mucro. 
Bourletiella spinata (MacGillivray) 
Fig. 66. Eyes of left side. 
Fig. 67. Left ant. 3 sense organ. 
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.PLATE IX 
Bourletiella spinata (MacGillivray) 
Fig. 68. Fore foot. 
Fig. 69. Hind foot. 
Fig. 70. Dorsal aspect of furcula. 
Fig. 71. Seta from mesal side of dens. 
Fig. 72. Left mucro. 
Fig. 73. Left aspect of tenaculum, 
Fig. 74. Anterior aspect of tenaculum. 
Fig. 75. Distal third of subanal appendage of female. 
Fig. 76. Suranal spines of male. 
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PLATE X 
Smmthurus purpurescens (MaeGillivray) 
Fig. 77. Left mucro. 
Fig. 78. Left aspect of tenaculum. 
Fig. 79. Anogenital segment of female. 
Fig. 80. Left subanal appendage of female. 
Sminthurus florid,a1n1us (MaeGillivray) 
Fig. 81. Left aspect of dorsal protuberance of abd. 4. 
Fig. 82. Fourth antenna} segment. 
Fig. 83. Left fore foot. 
Fig. 84. Right mucro. 
Fig. 85. Left aspect of tenaculum. 
Smmthuru.s packardi. (Folsom) 
Fig. 86. Dorsal pattern of anal segment. 
Fig. 87. Eyes of left side. 
Fig. 88. Left ant. 3 sense organ. 
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PLATE XI 
Sminthtlh"U8 packardi. (Folsom) 
Fig. 89. Right mid foot. 
Fig. 90. Concave aspect of right hind foot. 
Fig. 91. Coxa and distal precoxa of left fore leg. 
Fig. 92. Coxa and distal precoxa of left fore leg. 
Fig. 93. Coxa and distal precoxa of right mid leg. 
Fig. 94. Distal precoxa of left mid leg. 
Fig. 95. Proximal precoxa of left hind leg. 
Fig. 96. Left mucro. 
Fig. 97. Right mucro. 
Fig. 98. Left aspect of tenaculum. 
Fig. 99. Subanal appendage of female. 
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PLATE XII 
Sminthwrus fitohi (Folsom) 
Fig. 100. Eyes of left side. 
Fig. 101. Hind foot. 
Fig. 102. Concave aspect of left mid foot. 
Fig. 103. Right mucro. 
Fig. 104. Left aspect of tenaculum. 
Fig. 105. Subanal appendage of female. 
J)ioyrtomiM opalina (Folsom) 
Fig. 106. Eyes of left side. 
Fig. 107. Mid foot. 
Fig. 108. Left mucro. 
Fig. 109. Left aspect of tenaculum. 
Fig. 110. Subanal appendage of female. 
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PLATE XIII 
Dicy1·toma hagent (Folsom) 
Fig. 111. Eyes of left side. 
Fig. 112. Hind unguis. 
Fig. 113. Left fore foot. 
Fig. 114. Serrate seta from dens. 
Fig. 115. Left mucro. 
Fig. 116. Left aspect of tenaculum. 
Fig. 117. Subanal appendage of female. 
Ptenothrix unicolor (Harvey) 
Fig. 118. Eyes of left side. 
Fig. 119. Right ant. 3 sense organ. 
Fig. 120. Right hind foot. 
Fig. 121. Concave aspect of unguis. 
Fig. 122. Serrate seta from dens. 
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PLATE XIV 
Ptenothrix unicolor (Harvey) 
Fig. 123. Left mucro and end of dens. 
Fig. 124. Left aspect of tenaculum. 
Fig. 125. Subanal appendage of female. 
Fig. 126. Genital region of male. 
Fig. 127. Genital region of female. 
Fig. 128. Setae near median dorsal line of abdomen. 
Ptenothrix ol?Jmpia (MacGillivray) 
Fig. 129. Last two antenna! segments of right side. 
Fig. 130. Left mid foot. 
Fig. 131. Right hind unguis. 
Fig. 132. Serrate seta from dens. 
Fig. 133. Left mucro and end of dens. 
Fig. 134. Right aspect of tenaculum. 
Ptenothrix texensis (Packard) 
Fig. 135. Right fore foot. 
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PLATE XV 
Ptenothrix texensis (Packard) 
Fig. 136. Serrate setae of dens. 
Fig. 137. Dorsal aspect of left mucro. 
Ptenothrix marmorata (Packard) 
Fig. 138. Eyes of right side. 
Fig. 139. Right hind foot. 
Fig. 140. Serrate seta from dens. 
Fig. 141. Serrate seta from dens. 
Fig. 142. Left mucro. 
Fig. 143. Subanal appendage of female. 
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PLATE XVI 
Ptenothrix 1!ittata (Folsom) 
Fig. 144. Dorsal aspect. 
Fig. 145. Anterior aspect of head. 
Fig. 146. Eyes of left side. 
Fig. 147. Left hind foot. 
Fig. 148. Serrate seta from dens. 
Fig. 149. Right mucro. 
Fig. 150. Subanal appendage of female. 
Fig. 151. Subanal appendage of female. 
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Octoflagellates morphologically similar to the species to be described 
in the following paragraphs have been placed by various writers in two 
different genera, H examita and Octomitus. The genus Hexamita was 
created by Dujardin (1841) to include three species of bilaterally sym-
metrical flagellates, one parasitic in the frog and two free-living. In his 
descriptions he observed only six flagella in each species. Grassi (1879) 
pointed out that the parasitic form had six anterior and two posterior 
flagella. Prowazek (1904) proposed the genus Octomitus to include an 
octoflagellate he observed in rats. The life history of this flagellate was 
studied by W enyon ( 1907), and he decided that it should be placed in the 
genus H examita. The history of this question of long standing has been 
discussed at length by Dobell (1909), Wenyon (1926) and others. It is 
now generally agreed that one of these names should become a synonym, 
since they both represent the same group of flagellates. Since it is evident 
that Dujardin was observing members of this same group of flagellates 
when he established the genus H examita, it appears that Octomitus is in-
valid, as was pointed out by Wenyon (1926) and by Wenrich (1933). The 
writer, therefore, provisionally places this new flagellate from the wood-
chuck in the genus H examita. 
Relatively few species of Hexamita have been reported from a variety 
of invertebrate and vertebrate hosts. H. muris (Grassi, 1881) from rats, 
mice and other small rodents has been observed by many writers. Becker 
(1926) described H. pulchra from the striped ground squirrel (Citellus 
tridecemlineafos). Da Cunha and Muniz (1929) described Octomitus 
(Hexamita?) pitheca from monkeys (Macacus rhesus) imported into 
Brazil. Wenrich (1933) in Philadelphia, observed what was probably a 
different species from the same host. Recently Bishop (1933) described 
the morphology and division of H exarnita gigas from the hind gut of the 
horse leech. 
The material for this observation was collected from the caeca of fifteen 
woodchucks obtained near Ames, Iowa, over a period of two years. Seventy-
five per cent of the woodchucks examined harbored the flagellate described 
in this study along with other flagellates previously described by the writer 
( 1933). In no case was the species here described found in great numbers. 
For more detailed studies, smears were fixed in Schaudinn 's fluid and 
stained by the Heidenhain 's iron-haematoxylin method. 
H examita rnarmotae n. sp. 
In the living condition, the anterior flagella create such a disturbance 
1 The writer wishes to acknowledge the assistance of Dr. E. R. Beeker in the prepara-
tion of this paper. 
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in the medium by their motion that it is very difficult to determine many 
morphological structures. The general shape of the body is about the same 
in both living and stained specimens. It is from ellipsoidal to egg-shaped, 
being broad at the anterior end and tapering bluntly toward the posterior 
end. Through its greatest dimensions, the body is about one-third longer 
than it is wide. · The greatest width diameter is through the anterior one-
third of the body. Measurements of one hundred stained specimens, picked 
at random over several slides from different hosts, give a length range of 
4.5µ to 9µ, and a width range of 3.5µ to 7µ. The mean derived from this 
distribution gives an average of 6.71µ by 5.28µ. It is interesting to note 
that the mean size of these flagellates varies in different hosts. 
TABLE I. Correlation table of one hwndred stained trophozoites of 
Hexamita mMmOtae, n. sp. 
~' --.---.,----,----,-Le_n7gt_h_in--.-IIll_._cr_on~s _________ _ 
Width in J II I I I \ \ \ \ 
microns I 4.5 5.0 5.5 I 6.0 I 6.5 I 7.0 7.5 8.0 8.5 9.0 Total 
2 3.5 I 1 I I 1 I l_l_ l_ l_ I 
--..;---i----
4. 0 I I 1 1 I 3 ·1 1 I I I I I 6 
---;---~---,i------
4.5 I I 2 1 I 2 I 3 I 1 I I I I 9 
5.o I 1 I 3 3 I 3 I 14 \ n I 1 I 2 I I 38 
5.5 I I I 1 I 8 I 6 I 5 \_2_\_I 22 
13 _6_.o~'' I 1:_,1_6 I 2 I 2 I 2 \ 1 I 
6.5 I I I I \-1 1-3 \-1 \-1 1- 6 
7.0 I I I I I · I I 1 I 1 I 2 
Total \ 2 \ 6 5 \ 10 \ 32 \ 21 \ n \ 8 \ 3 \ 2 
Mean ------- ------------------------·--·-----·------------ -- -----









The cytoplasm is highly vacuolated, some of the vacuoles being very 
large. The cytoplasmic content stains very deeply at the extreme anterior 
end of the body. This highly granular material almost entirely surrounds 
the two nuclei in most specimens. The two anterior blepharoplasts are 
also embedded in it. They are about a micron apart near the anterior 
margin of the body. A flagellum about the length of the body arises from 
each of these granules. Just posterior to and between these two basal 
granules there is a centrally located granule. It is closely associated with 
the two nuclear membranes, and seems to form a division line between them 
at this point. No organelles are seen to arise from this granule. The 
second pair of granules is located at the base of the two nuclei, near the 
anterior terminations of the axostyles. A pair of flagella arises from each 
of these blepharoplasts. One pair is usually directed backward over the 
body, while the other pair is usually directed to the side and then backward. 
Two axostyles originate on each side of the median line of the body near 
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the base of the nuclei. They appear to arise from the second pair of basal 
granules, but this is not clear in any specimens observed. There is little 
reason to believe that this flagellate has true axostylar filaments, as there 
is no encasement membrane observable at any place along the two rows of 
siderophilic granules. These two filaments approach each other at acute 
angles, and come in contact a short distance from their origins. This con-
tact is maintained through the cytoplasm to a point near their posterior 
terminations. Then they bifurcate very much in the same fashion that they 
come together at the anterior end of the body. These axostyles maintain 
this close contact in all specimens observed. This double filament is very 
plastic and may be curved in various manners (Fig. 3). Each horn of 
this double :filament terminates at the posterior margin of the body. There 
is no protruding axostyle beyond the posterior end of the body as observed 
by many writers in other species. A posteriorly directed flagellum arises 
from a group of deeply stained granules near the termination of each 
axostyle. 
When specimens are observed from a different plane, the axostyles may 
appear as one solid mass of siderophilic granules (Fig. 4). The two nuclei 
are difficult to see in most specimens due to the granular mass that almost 
surrounds them. They are oval bodies with their anterior margins in con-
tact (Figs. 1 and 2). The second pair of basal granules is either within the 
nuclei, or adhering very closely to the nuclear membranes. These two 
granules look like eccentric karyosomes. It can clearly be seen, however, 
that one pair of flagella arises from each of them. Alexeieff (1911) ob-
served this condition in H examita ( Octomitus) intestinalis and suggested 
that the bodies may be intra-nuclear organelles. 
No cytostome has been observed, although many of the vacuoles contain 
food material. The body is very plastic but not amoeboid. No cysts have 
been observed. 
DISCUSSION 
Even though H examita muris is found in a variety of rodent hosts, it 
can easily be differentiated from the species just described. The size range 
cannot be used as a differentiating character, as Wenyon (1907) found the 
size range to be from 4 µ to 10 µin H. muris. The nuclei are comparatively 
large and the axostyles traverse different paths through the cytoplasm. On 
the other hand, the nuclei are somewhat smaller, and the axostyles traverse 
the same path most of the length of the body in the H examita from the 
woodchuck. These differences provide reasons to believe that they are not 
the same species. 
The writer is greatly indebted to Dr. E. R. Becker for the opportunity 
of making comparative studies from the original preparations of H examita 
pulchra. This flagellate measures from 8 µ to 10 µ by 6 µ or 7 µ, thus being 
somewhat larger than the average of 6.71 µby 5.28 µfound in the species 
described here. The granular cytoplasm is contrasted with the heavily 
vacuolated cytoplasm of H. marmotae. The central basal granule between 
the nuclei, and also the posterior granules from which the trailing flagella 
arise are absent in H . pulchra. The axostyle terminates at the body mem-
brane in H. marmotae, while it protrudes beyond the body membrane in H. 
pulchra. Other minor differences can be seen between the two species when 
they are studied together. In all, this flagellate seems to possess enough 
individuality to warrant the establishment of a new species. 
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SUMMARY 
H examita rnarmotae, n. sp., from the caecum of the woodchuck Mar-
mota monax (Linn), has a size range from 4.5 µto 9 µby 3.5 µ to 7 µ, with 
an average of 6.71 µby 5.28 µ. The body is ellipsoidal to egg-shape, with 
its greatest diameter through the anterior one-third of the body. Six an-
terior flagella arise from four blepharoplasts. A fifth blepharoplast be-
tween the nuclei has no organelles. The nuclei are oval and meet at their 
anterior ends. They appear to contain the second pair of basal granules 
from which the paired flagella arise. The axostyles traverse the most of 
the body as one continuous filament, and do not protrude beyond the poste-
rior end of the body. The posterior pair of :flagella arises from a pair of 
basal granules on the axostyles. In all, there are seven blepharoplasts, 
eight :flagella, two nuclei and two axostyles. Solid food material is found 
in some of the vacuoles, although no cytostome is observed. 
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PLATE I 
Fig. 1 Trophozoite with nuclei partially hidden under the anterior granular area. 
Fig. 2 Trophozoite showing central basal granule and abnormal appearance of the 
base of the axostyles due to orientation within the eytoplasm. 
Fig. 3 Trophozoite with axosytles curved at the base . 
. Fig. 4 Lateral view of trophozoite showing a basal granule e.nd the axostyles as a 
smgle mass. 






AN ENTOMOTOGRAPH, AN INSTRUMENT FOR RECORDING THE 
APPENDICULAR OR LOCOMOTOR ACTIVITY OF INSECTS 
J". FRANKLIN YEAGER AND RALPH B. SWAIN 
From the Department of Z·oology and Ent<Yr1Wlogy, Iowa State College 
Accepted for publication March 30, 1934 
The entomotograph1 is an instrument devised by the authors for · the 
purpose of recording graphically the appendicular activity of insects and 
the effects of various applied stimuli, especially chemical, upon the insect's 
neuromotor activity. Although the insect used in this investigation was the 
nymphal or imaginal form of the large roach Perip'laneta arnericana L., the 
apparatus may be adapted to the use of many other insect species, in 
nymphal, larval or imaginal form. 
The instrurnent (PL I). The apparatus embodies the idea of a wheel 
revolving in a vertical plane with a pointer recording upon a moving 
smoked drum. A light aluminum wheel (W) revolves on a horizontal axle 
(A), held by a support (S) which is itself fastened to a rectangular, wooden 
support (WS). The wheel carries a light weight pointer (P), made of 
balsa wood and tipped with a writing point (T), made of photographic film 
(negative) or kymograph paper; when the wheel is at rest, the pointer is 
horizontal. The upper arc of the wheel 's rim supports a running tread 
(Tr), upon which the animal's feet rest. The insect (I) is fixed to an 
animal holder (H) by four threads that encircle the body at the divisions 
between head and thorax, the thoracic segments and thorax and abdomen; 
after passing around the body these threads are held fixed with a little soft 
wax pressed against the arm (Am) of the holder. In the initial experi-
ments, the terga of the animals were cemented to the holder with rubber 
cement, but this procedure was later discarded in favor of threads as the 
rubber cement appeared to have some effect upon the activity record. The 
base (B) of the holder is fastened to the wooden support with soft wax in 
such position that the insect is supported at the proper distance above the 
running tread (Tr) with which its feet make contact. Any locomotor ac-
tivity of the insect thus results in a movement of the pointer (P), the tip 
of which moves upward as the animal tries to walk forward and moves 
downward as the animal attempts to walk backward. Two springs ( 1 and 
2) extend from the screws (S1 and S2 , respectively) to the end of a vertical 
pin (VP) and oppose respectively the upward and downward movements 
of the pointer, caused by the animal. The axle (A) and vertical pin (VP) 
are supported by an aluminum strip (D1' D2 ) that extends along the hor-
izontal diameter of the wheel at rest, the range of movement of which is 
limited by contacts between D1 and the screw S1 and between D2 and S2• 
The entire apparatus is held by a burette clamp ( C) which is in turn 
clamped to the rod (R) of an iron supporting stand. As the pointer moves, 
due to the activity of the insect, its tip (T) leaves a record on the smoked 
surface of a long strip of kymograph paper, supported on two spring kymo-
i This name was suggested by Mr. Oscar E. Tauber of this department. 
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graphs, not shown in Plate I, one of which is permitted to rotate, slowly 
moving the paper. 
The instrument can be calibrated by attaching a thread to the wheel, 
at C1 or at C2, and suspending by it weights of known value. For example, 
no weight is attached to the thread and a base line (BL, Pl. II) is recorded 
on the smoked paper; then a five gram weight is attached at C2 and another 
line is recorded, showing the height to which the lever tip will rise when the 
wheel is pulled with a weight of five grams; similarly, other calibration lines 
can be made with other weights or calibration may be in terms of the extent 
of pointer rise or fall in millimeters above or below the base line. In this 
way, the force which the insect exerts upon the wheel is measured by the 
vertical distance through which the pointer tip moves, while the appendic-
ular activity of the animal is recorded as oscillations of the pointer. 
The running tread used with the roach, P. americana L., consists of 
sandpaper of medium coarseness. This gives the animal a suitable gripping 
surface but does not allow the tarsal hooks to become caught and passively 
held, as may occur with a cheese cloth surface. The sandpaper tread is 
held by soft wax upon a cardboard support which is in turn fixed with wax 
to the rim of the wheel. 
This apparatus may be adapted to various species of insects, in larval, 
nymphal or imaginal states, by varying the nature of the running surface, 
the size and "elasticity" of the springs (1 and 2) which oppose the pull 
exerted by the insect and the sizes and forms of the animal holder and 
wheel. 
METHOD 
With this apparatus the activity of the insect can be recorded under a 
variety of experimental conditions. The present preliminary experiments 
have been concerned especially with the effects of certain exciting, depres-
sing or noxious liquids upon the insect's activity. The test substances were 
placed directly upon the animal's abdominal exoskeleton. In each ex-
. periment the animal was arranged in the manner just described and a short 
record of normal activity recorded. At a given time, a known number of 
drops of the test liquid were placed upon the abdominal exoskeleton. A 
comparison of the record before and after applying the test liquid showed 
the effect of the substance. In addition, lengthy activity records were ob-
tained from normal, untreated animals. As a rule, the final kymograph 
record shows the base and calibration lines (if any), the record of the in-
sect's activity changes (entomotogram) and a time record in minutes made 
by a recording chronometer (not shown in PL I). 
RESULTS 
A number of preliminary experiments have been made to determine 
the appearance of the record of normal activity as affected by the applica-
tion of one or two drops of acetone, benzol and other substances, some of 
which were applied as acetone or benzol solutions; of the various substances 
tested, only the results of acetone and benzol will be given here for illustra-
tion purposes. 
(a) NORMAL ACTIVITY 
Portions of typical records of normal activity are shown in Plate II, 
NA and NB. When the record is taken immediately after the animal is 
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fixed to the holder, it is characterized by an initial period of appendicular 
activity, caused apparently by the excitement due to handling; this is 
followed by a prolonged period during which the animal tends to exert a 
pull on the wheel causing the pointer to remain in general above the base 
line, although this is varied by sharp rises (r) of the pointer, due to at-
tempts of the insect to walk forward, and sudden falls (f) of the pointer to 
the base line or below it, due to attempts of the insect to walk backward; 
for the most part, however, the pointer tends to remain above the base line, 
as at i. The animals used exerted an average normal pull of approximately 
5 grams. The initial activity tends to become gradually less, the record 
showing less frequent outbursts of activity ( o), separated by longer periods 
of inactivity ( i), during which the pointer is held above the base line. 
There are, of course, individual variations among the records from different 
individuals, some tending to be more or less active than others, but, as a 
rule, the normal record is quite recognizable and reproducable. The normal 
active roach seldom holds the lever at or below the base line but persistently 
tends to move forward. 
(b) THE EFFECT OF ACETONE 
Plate II, A, is a part of a record from an animal treated with a drop 
of acetone. It is apparent that one drop of acetone applied to the insect's 
abdominal body surface has only a negligible effect upon activity. 
(c) THE EFFECT OF BENZOL 
Plate II, B11 B2 and B81 are taken from a record made by an animal 
treated similarly with one drop of benzol, the application of which to the 
abdominal exoskeleton produces an immediate and marked effect. The for-
ward pull of the animal, holding the pointer above the base line, is suddenly 
decreased. The pointer then continues to show oscillations of limited am-
plitude at or close to the base line (see B1 ) for a considerable time. These 
persistent oscillations are produced by an unorganized but continued ac-
tivity of the animal's appendages, which move actively in an uncoordinated, 
abnormal manner. The amplitude of oscillation eventually becomes less 
(see B2 ) and less (see B3 ) until the insect is quiescent. 
DISCUSSION 
With this device it is possible to obtain graphic records of the appen-
dicular or locomotor activity of different larval, nymphal and imaginal in-
sects as well as the effects upon activity of various chemical substances. In 
the present studies, in which only large nymphal and imaginal roaches were 
used, it has been shown that acetone, which can be used as a solvent for 
certain organic compounds, has an inappreciable effect when one drop of it 
is applied to the animal's body surface while, on the other hand, benzol, 
similarly applied, produces a marked effect. Of these two liquids, acetone is 
obviously the more suitable for use as a solvent for certain excitant or de-
pressant substances whose effects upon P. americana are to be studied. 
On the basis of preliminary experiments which have been made, it is 
suggested that this method may be found of use in the field of insect tox-
icology; it is not impossible that a method of this type may become of use 
to applied entomologists from the standpoint of bio-assay or as a method 
for testing the effectiveness of certain chemical compounds or insecticides. 
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SUM.MARY AND CONCLUSIONS 
(1) An instrument, called entomotograph, has been devised for the 
purpose of recording the appendicular and locomotor activity of larval, 
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nymphal and imaginal insects; by calibration the force exerted by the in-
sect can be measured in grams or dynes. . 
(2) • With this ·instr-qment it. is possible to record graphically the 
effects· on activity of various chemical substances applied to the . animal's 
body. 
· (3) · It has been shown that the entomotogram of the normal roiwh, 
P. ·americana L., (large nymphs and adults) is quite recognizable and re-
producible. 
· ( 4) The marked effects of applying one drop of benzol to the insect's 
abdominal 'exoskeletOn have been demonstrated. · · · ( 5) It' has b~en shown that the application o(one drop of aceto~e to 
the insect's abdominal exoskeleton is without appreciable effect arid that, 
therefore, acetone may be used as a solvent in solutions of certain organic 
compounds applied in this 'way. · · 
' (6)' ·It ·is suggested that this method may be of use to insect toxi-
cologists; applied· entomologists and other inve!ltigators in the field of insect 
control who are interested in the effects of chemical compounds upon insect 
activity. 
PLATE I, Fig. 1 
. Photograph of the entomotograph, an· apparatus for registering graphically, the appen-
dicular and locomotor activity. of the larval, nymphal or imaginal insect. See text. 
'' 
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PLATE II 
Entomotograms of P. am.ericana L. nymphs, showing normal activity (NA, NB), the 
negligable effect of acetone (A) and the marked effect of benzol (B), applied to the 
abdominal exoskeleton. The time record (t) is in minutes; the tips of the minute marks 
haye b'een empnasized with white ink. BL is the base line. In B., the benzol was applied 
just .before ·the anow, the effect bein~ recorded immediately. 
-. 
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The striped ground squirrel (Git ell us tridecemlineatus) has been shown 
to harbor in its digestive tract the following species of protozoan parasites: 
Endamoeba citelli Becker, 1926, Chilomastix magna Becker, 1926, T1·icho-
monas sp., T.etratrichomastix citelli Becker, 1926; H examita pulchra Becker, 
1926, Giardia beckeri Hegner, 1926 and Eimeria citelli Kartchner and 
Becker, 1930. More recent investigations of the blood of the same host have 
disclosed the occasional presence of T1ypanosoma iowensis n. sp. and Babesia 
citelli n. sp. A trypanosome, T. hixsoni, was also found in the blood of 
Citellus franklini, Franklin's ground squirrel. The two species of try-
panosomes were first discovered by Mr. Homer Hixson, who was kind 
enough to transfer his interests in the problem to the writers when he was 
prevented for the present from continuing his studies. 
Tryr>anosoma iowensis n. sp. 
(Plate I, fig. c-g) 
This trypanosome was present in the blood o:f two out of 84 striped 
ground squirrels captured in the vicinity of Ames, Iowa, during the summer 
of 1933. Fifty specimens in blood smears stained with Wright's stain, from 
one o:f the captured squirrels, measure from 24.0 µto 29.0 µ in total length 
from 1.2 µ to 2.0 µ in breadth; mean size, 26.3 µ by 1.6 µ. 
The nucleus in most instances is located on the side away from the un-
dulating membrane, with its long axis in the direction o:f that o:f the body; 
average size, 2.3 µ by 1.0 µ. The parabasal body is deeply staining and 
fusiform in shape, with the long axis transverse to that o:f the body. Its 
length is approximately equal to the breadth of the body at the level where 
it is located. The undulating membrane is only moderately developed, but 
slightly more than in Trypanosoma lewisi. The cytoplasm is in general quite 
homogeneous, but sometimes there is a vacuole-like, lightly staining area in 
front o:f the parabasal body (Pl. I, fig. d). The posterior end of the body 
tapers rapidly to a sharp point. The marginal flagellum o:f the undulating 
membrane extends :forward beyond the anterior end of the body from 6.2 µ 
to 9.7 µ. 
The trypanosome is o:f the so-called T. lewisi-type, but differs from this 
species in respect to certain of its measurements. According to Taliaferro 
(1921), T. lewisi in the adult stage has the following measurements: (1) 
posterior tip to parabasal body, 4.268 µ; (2) parabasal body-to middle of 
nucleus, 10.854 µ; (3) middle of nucleus to anterior end, 9.511 µ; (4) an-
terior end to tip of free flagellum, 6.619 µ; ( 5) total length, 31.251 µ. The 
same for 7'. iowensis are: (1) 2.4 µ; (2) 9.3 µ; (3) 7.0 µ; (4) 8.0 µ; (5) 
26.3 µ. Thus it is evident that the posterior snout o:f the body is markedly 
1 This investigation was supported by a grant from the Bache Fund of the National 
Academy of Science. 
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shorter than in T. lewisi, the free :flagellum is somewhat longer, and the 
entire body length is considerably less. 
It is very difficult to evaluate the possible relationship between the 
trypanosome of Citellus tridecemlineatus and trypanosomes which have been 
described from other ground squirrels. Some of the latter are T. spermo-
phili originally described by Laveran, 1911 from Citellus musicus, C. gutta-
tus and C. eversmanni, but since reported by other authors as occurring also 
in C. mugozaricus, C. fulvus, C. suslica and C. pygmaeus, all Old World 
forms ( V. Sassuchin, 1931) . So far as the literature is available to us, we 
have not been able to find any measurements recorded for the parasite in 
any of these hosts, even in Laveran 's original brief description. Sassuchin 
published a photo-micrograph of one specimen which resembles T. iowensis, 
but it is of course impossible to tell very much about a species from one 
specimen. Tartatowsky (1913) described T. schalaschnikovi from C. gutta-
tus, but his original description is not available to us. Wellman and 
Wherry (1910) described T. otospermophili from C. beecheyi, the Califor-
nia ground squirrel. The measurements submitted for this :flagellate agree 
very closely with those for T. iowensis. Another trypanosome which has 
been described from ground squirrels is T. citelli Watson, 1912 from Citellus 
richardsoni collected in Alberta, Canada. The length of this form is stated 
to be 35 µ, which is beyond the 32.5 µ for the largest specimen of T. 
iowensis seen by us. 
Thus, while our trypanosome closely resembles T. spermophili and T. 
otospermophili, it is impossible to identify it positively with either of them. 
The absence of differential structural characters often makes the identifica~ 
tion of trypanosomes on the basis of morphology alone impossible. From 
the almost universally negative results from cross-infection experiments 
with trypanosomes of the T. lewisi-type, it is almost a safe generalization 
to say that they show a rather rigid host-specificity, and that each species 
of host has its own kind. Our failure to infect Citellus tridecemlineatus 
with a trypanosome occurring naturally in C. franklini is further support 
of this generalization. 
The intermediate host for T. iowensis is a :flea, probably Rostropsylla 
bruneri. The :fleas were raised in the laboratory from the egg to the adult 
stage, and the adults had not fed on any animal except Citellus tridecem-
lineatus. The adult fleas were kept in a tight cage with the infected squirrels 
for thirty days before their intestines were removed and dropped into fixing 
fluid. The metacyclic trypanosomes were found in great numbers attached 
to the wall of one of the sectioned rectums. 
The pathogenicity of this trypanosome is in doubt. The writers thought 
at first that it was pathogenic, because some of the squirrels inoculated with 
blood containing the trypanosomes from one of the captured infected squir-
rels died within seven to eighteen days after the date of inoculation. Some 
of the squirrels, however, harbored the trypanosomes for as long as five 
months without any apparent ill effects. Furthermore, some of the un-
injected and apparently trypanosome-free squirrels died in their cages with 
symptoms similar to those in the inoculated squirrels. The malady was 
characterized by posterior paresis and injected cerebra, so it seems likely 
that in the summer of 1933 there was a disease-producing virus of non-
trypanosome nature attacking ground squirrels in this region. It should be 
mentioned that in no squirrel examined by us, either naturally or artificiallv 
inoculated, were the trypanosomes numerous. • 
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Two white rats inoculated with blood containing this trypanosome did 
not become infected. 
Trypanos<>ma kixsoni n. sp. 
(Plate I, fig. a, b) 
This trypanosome was present in small numbers over a period of almost 
three months in the blood of a Franklin's ground squirrel captured near 
Ames, Iowa. It is also of the T. lewisi type, but differs in two important 
respects from T. iowensis. First, it is longer, measuring 26.0 µ to 34.8 µ in 
length, with a mean size of 32.0 µ by 1.6 µ. Other measurements are as 
follows: posterior end to parabasal body, 3.4 µ; parabasal body to nucleus, 
9.8 µ; nucleus to anterior end, 7 .5 µ; anterior end to end of free flagellum, 
10.9 µ. Second, the parabasal body is larger, being much more rounded 
than in T. iowensis. Of all the trypanosomes recorded from ground squir-
rels ( vide supra), this species resembles most T . citelli Watson, 1912 from 
Citellus richardsoni. As was previously stated, T. hixsoni did not prove 
to be infective to Citellus tridecemlineatus. The refractive squirrels were 
later successfully infected with T. iowensis, however. 
We take great pleasure in naming this protozoan after its discoverer, 
Mr. Homer Hixson. · 
Babesia citelli n. sp. 
(Plate II, fig. a-1) 
In blood smears from two out of eighty-four ground squirrels captured 
during the summer of 1933 were noted red cells parasitized with a protozoon 
of the genus Babesia. So far as it was possible to ascertain, only one species 
of this genus has previously been described from ground squirrels; viz., 
Babesia (PiropZasma) kolzovi Sassuchin, 1931, from Citellus pygrrw.eus the 
steppe squirrel of southeastern Russia. The most typical forms of the latter 
species are the pear-shaped individuals which are slightly longer than the 
radius of the parasitized red cell. These often occur a pair in a red cell, 
with the individuals meeting by their more pointed ends at an acute angle. 
Single amoeboid forms in the peripheral blood and pyriform individuals 
to the number of three to sixteen in a red cell in the internal organs were 
also encountered. 
Babesia citelli differs from B. kolzovi in a number of important re-
spects. First, the "bigeminous" pear-shaped individuals either do not 
occur, or were so rare that none of them were encountered during the study. 
Second, the predominating forms are large and small rings (Pl. II, fig. a, 
b, f, i) which were not mentioned for B. kolzovi. Third, narrow band-like 
forms extending all or most of the way across the red cell are numerous 
(Pl. II, fig. d, j). 
The ring forms measure 1.0 µto 2.5 µ across. Most of them have double 
nuclei in close proximity to each other (Pl. II, fig. a, f), though some have 
but a single nucleus (Pl. II, fig. b). The narrow bands were generally 
tapering toward one end and blunt at the other, with the nucleus closer to 
the more tapering end. Their nuclei were more or less elongate. Occasional 
large pear-shaped (Pl. II, fig. c), large, thick, rod-shaped (Pl. II, fig. k ) 
and large, racket-shaped (PL II, fig. h) individuals were also seen. Such 
forms usually had a compact nucleus at or near one margin and a vacuole 
adjoining the nucleus. Rarer forms are minute, deeply staining dots of 
nuclei from which flare one or two strands of protoplasm (Pl. II, fig. g) 
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and amoeboid forms with a prominent nucleus at one end and next to a 
vacuole (Pl. II, fig. e) . In general the parasitized red cells were of normal 
size, but one much larger was seen (Pl. II, fig. 1). This curious cell con-
tained two enormously enlarged parasites, one· of them with three nuclei. 
Perhaps the latter individual was in the process of division. 
The Babesia parasites were numerous in the blood of the ground sq:uir-
rels. The infected animals were noticeably anemic, for the blood was thin 
and the red cells were scarce in the blood smears. The two infected squirrels 
died, but it cannot be safely assumed that their death was due to the Babesia 
(though it probably was!) for, as previously stated, some of the squirrels 
seemed to. have a virus disease. 
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DESCRIPTION OF FIGURES 
Plate I, (a and b, X2208; c-g, X2860) 
Trypanosoma hixsoni. 
Trypanosoma wwensis. 
·T. 1.-0wlJ'll.Sis dividing. 
T. iowensis crithidiamorphic form from ground squirrel blood. 
Plate II. (X2860) 
Babesia citelli. 




Nucleus with two strands of cytoplasm. 
Racket-shaped form. 
Rod-like form. 
Enlarged red cell containing two parasites. 
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THE DEVELOPMENT OF TRYPANOSOMA IOWENSIS IN THE 
BLOOD OF THE STRIPED GROUND SQUIRREL, 
CITELLUS TRIDECEMLINEATUS1 
RoBERT L. RoUDABUSH AND ELERY R. BECKER 
From the Department of Zoology and Entomology, Iowc, State College 
Accepted for publication March 19, 1934 
Trypanosoma iowensis, which has been described by the writers (1934), 
inhabits the blood stream of Citellus tridecemlineatus, the common striped 
ground squirrel. The intermediate host is a flea for, as described by the 
writers in the aforementioned article, the development to the metacyclic or 
infective stage was found to occur in this invertebrate. The present study 
was initiated for the purpose of comparing the cycle in the blood of the 
ground squirrel with that of T. lewisi in the rat. 
The life-cycle of T. lewisi in the rat has been described both biomet-
rically and graphically by Taliaferro (1921, 1926) and Taliaferro and 
Taliaferro (1922). The latter authors have stated that the course of the 
infection is as follows : First, there is a prepatent period of from four to 
eight days during which no organisms are found in the blood. Then follows 
a multiplicative period of variable length during which the number of 
trypanosomes may reach a half million or less per cmm. of blood. The 
multiplicative period is climaxed by a precipitous drop in numbers of 
trpanosomes, but a moderate number continue to inhabit the blood over 
a period of from seven to one hundred days ("adult" infection). At the 
end of the latter period no more flagellates can be found in the rat's blood. 
During the multiplicative period the coefficient of variation :for the 
length of the rapidly dividing individuals was high, but this statistical 
constant dropped steadily from slightly over 25 per cent on the day of the 
first appearance of the microorganism in the blood to less than four per cent 
on the tenth day. The coefficient of variation varied somewhat, but re-
mained low throughout the period of the "adult" infection. 
In our study we encountered several discouraging conditions. In the 
first place, we spent an enormous amount of labor in capturing ground 
squirrels before an infected individual was captured late in the summer. 
The eighty-fourth squirrel examined was the first individual from which 
we could obtain the microorganism. In the second place, this infected squir-
rel was evidently harboring a virulent virus, for large numbers o:f young 
ground squirrels inoculated by direct transfer of blood from it died within 
from one to ten days later, many of them before the appearance of try-
panosomes in their blood. Thus many of our attempted studies were 
brought to an untimely end. Third, several adult squirrels were refractory 
to infection. And fourth, the numbers of trypanosomes in the blood during 
the infection were always extremely sparse, and locating 50 specimens for 
measurement each day during the infection was an extremely time-consum-
ing process. For this reason also it was impracticable to attempt any counts 
1 This investigation was aided by a grant from the Bache Fund of the National Acad· 
emy of Science. 
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on the numbers of trypanosomes per cmm. of blood. As a matter of fact, out 
of 800 trypanosomes actually measured, only three showed evidences of 
division such as dividing parabasal body, development of a new :flagellum, 
or double nuclei. A biometric study was made on the trypanosomes from 
three ground squirrels. The basis for the measurements was camera lucida 
drawings of trypanosomes in dried smears stained according to Wright. 
Fifty trypanosomes from one squirrel were measured three days after 
the host was captured and two days after the :flagellates were found in the 
blood. Of course it was not known of how long standing the infection had 
been previous to the date of measurement. The measurements showed a 
length of 24.0 ~t to 29.0 µ and a breadth of 1.2 µ to 2.0 µ; mean size, 26.3 µ 
by 1.6µ; coefficient of variation for length, 7.22 per cent. 
A young ground squirrel, whose blood had been found to be free of 
trypanosomes for three successive days, was injected intraperitoneally with 
about 0.25 c.c. of blood. from the above-mentioned squirrel. The try-
panosomes first appeared in the blood on the eighth day. The animal died 
on the twelfth day, but the cause of death was undetermined. Fifty try-
panosomes were located with difficulty each day and measured. The mean 
lengths of the trypanosomes for the five days for which the measurements 
were made were (1) 24.59 µ, (2) 24.25 µ, (3) 25.81 µ, (4) 25.41 µ, (5) 
26.10 µ, respectively. The coefficients of variation for the different days 
were (1) 7.80 per cent, (2) 7.91 per cent, (3) 6.14 per cent, (4) 7.27 per 
cent, and (5) 5.87 per cent, respectively. 
Another squirrel was injected intraperitoneally with 0.25 c.c. of blood 
from the same squirrel as the preceding. The trypanosomes first appeared 
in the blood on the tenth day and continued to do so for nine more days, 
at which time death from some unknown cause occurred. Fifty try-
panosomes were located each day of the infection with difficulty, and then 
measured. The average lengths by days were as follows: (1) 26.19 µ, (2) 
26.05 µ, (3) 26.39 µ, (4) 27.10 µ, (5) 27.51 µ, (6) 27.82 µ (7) 26.70 µ, (8) 
26.54 µ, (9) 28.08 µ, (10) 28.19 µ. The coefficient of variation by days 
were as follows: (1) 5.86 per cent, (2) 6.35 per cent, (3) 6.15 per cent, 
(4) 9.07 per cent, (5) 6.18 per cent, (6) 6.35 per -cent, (7) 6.64 per cent, 
(8) 8.07 per cent, (9) 6.12 per cent, (10) 5.04 per cent. 
In the case of these two inoculated squirrels, the trypanosomes were 
rare in the blood at all times, but it was apparent that in both they in-
creased steadily in numbers for the first five days after their appearance 
in the blood. The first squirrel died at the end of the fifth day, but the 
numbers gradually decreased in the other squirrel until they could be found 
only with the greatest difficulty on the morning of the tenth day, when it 
died. 
It is clear that the development of T. iowensis in the blood o:f the 
striped ground squirrel shows little resemblance to that of T. lewisi in the 
blood o:f the rat. The prepatent period being longer, there is no initial rise 
in numbers to an impressive peak and then a sharp reduction. Further-
more, trypanosomes show scant variation in mean length from day to day, 
and the coefficient of variation shows no .significant difference at the begin-
ning of the infection from that five or ten days later. Evidently reproduc-
tion progresses slowly, and the host builds up a resistance before any great 
numerical increase can take place. In fact, as was already mentioned, three 
adult squirrels proved to be completely refractory to inoculation. 
It is certain that all infections do not terminate fatally and that many 
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infections are of long duration. One squirrel harbored a light infection for 
almost five months, but later lost it. This squirrel, which was last examined 
about four months before the present writing, is still alive (March 19, 1934) 
but apparently free from trypanosomes. 
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Hardly more than a dozen species of the genus Trichomonas have been 
described from avian hosts. Of these, seven have been described from the 
order Galliformes. From many orders, however, not a single species of 
this genus has been taken. Two new species presented in this paper, are 
from a night-hawk, Chordeiles minor (Forster), of the order Caprimulgi-
formes, and one from three species of sandpipers, least sandpiper, Pisobia 
minidilla (Vieillot), pectoral sandpiper, Pisobia melamotos (Vieillot), and 
the semipalmated sandpiper, Ereunetes piisillus (Linnaeus), all of the order 
Charadriiformes. 
During the summer of 1933, in connection with the Wild Life studies 
for Iowa State College, many opportunities for parasitic examination were 
encountered. Smears of intestinal material were examined both while the 
parasites were still active and in stained preparations. The material was 
fixed in Schaudinn's fluid and stained with Heidenhain's iron-hematoxylin. 
Measurements and figures were made from the prepared material. The 
length measured was that from the anterior end of the body to the distal 
tip of the axostyle; the width was taken at the widest point. Enlarged 
camera lucida drawings were used for the figures to insure correctness of 
proportion. 
The three species of sandpipers, collected at Ruthven, Iowa, harbored 
in their intestines specimens of Trichomonas which were morphologically 
similar in each host. The slight differences in size may be seen below in 
table 1. 
TABLE 1. Comparative sizes of Triclwmonas from three species of sandpipers 
Least sandpiper 
Mean ......................................................................... . 
Range ···························--·-··········-··························· 
Pectoral sandpiper 
Mean ......................................................................... . 
Range ·······························-······································· 
Semipalmated sandpiper 
Mean ......................................................................... . 















To arrive at definite conclusions concerning the specific status of the 
trichomonads from these three hosts would be practically impossible. If 
the writers were to follow the procedure, in vogue among many contem-
i Journal Paper No. J 177 of the Iowa Agricultural Experiment Station, Ames, Iowa. 
Project No. 329. 
2 The authors wish to thank Dr. E. R. Becker for his many helpful suggestions as to 
the taxonomic position of the species and for his criticisms of this paper. 
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porary parasitologists, of naming forms living in different hosts as separate 
species, they might consider three species of Trichomonas to be present ; 
but, if they followed morphological separation rather than host separation, 
they might consider only one species to be present. They are inclined 
toward the latter concept because, (1) the morphology of the flagellates 
from the three birds is apparently identical, (2) the birds are closely re-
lated, and (3) the slight differences in measurements are within the range 
of one species. The name T1·ichomonas ( Trichomonas) pisobiae is proposed 
for this species. 
Trichomonas ( Trichomonas) pisobiae n. sp. 
(Plate I, fig. 1-3) 
This flagellate was present in large numbers in the intestines of the 
least sandpiper, pectoral sandpiper, and the semipalmated sandpiper. The 
body is curved-pyriform and somewhat bulged in the nuclear region. Cor-
TABLE 2. Correlation table of the length and width of 100 specimens of 
Trichomcm,o,s pisobiae n. sp. from the lea<1t oondP'per 
Width in ~I ___________ Le_n_gt_h_in_llll_._cr_o_n __ s _________ _ 
microns I 5 5.5 6 6.5 7 I 7.5 8 8.5 9 9.5 I Total 
2 \ I 2 I 2 
2.5 11 1 I 2 I 1 1 I 5 
1, 1 \_1_\_5-,,-5-l~I 15 7 1 5 1 I 59 
-3-.5 -..I 1-·1-1_1_8 1-· 4 l-7-f-7-i--2-i--1 -i-----i-1-3-0 3 
4 I I I I 4---+-l ___,______,___,____,_--7--1 _4 

















Correlation table of the length and width of 100 specimens of Trichomo'llaS 
pisobiae n. sp. from the pectoral sandP'per 
Length in microns 
5.5 6 6.5 7 I 7.5 I 8 I 8.5 9 Total 
6 1 2 3 I I I 12 
6 9 3 9 I 7 I 8 I 1 43 
6 2 11 I 8 I 6 I 2 1 36 
1 1 I 2 I 2 I 1 2 9 
12 17 8 23 I 17 I 16 I 3 4 100 
Length Width 
Mean 6.98 µ 3.21 µ 
Range 5.5-9.0 µ 2.5-4.0 µ 
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relation tables are given for each of the three hosts since there is some dif-
ference in the measurements of the parasites from the three birds (tables 2, 
3and4). 
A narrow crescentic cytostome is present in many specimens, but it is 
difficult to demonstrate. There are four free, very slender, anterior flagella, 
11.0-16.0 µlong. The undulating membrane is narrow and not easily seen 
in stained material. The marginal flagellum extends free 4.0-6.0 µ at the 
posterior end. 
The blepharoplast appears as a single, large, siderophilous granule at 
the extreme anterior end of the body. The chromatic basal rod or costa is 
long, but narrow and not strongly staining. The axostyle, which is difficult 
to trace far into the cytoplasm, is slender, hyaline, and pointed. It projects 
1.0-2.0 µ from the posterior end of the body. 
TABLE 4. Correlation table of the length and width of 100 specimens of Trichomonas 
pisobiae n. sp. from the semipalmated sandpiper 




-~~~_,__1_6__.!._1 ~~-5__.!._1 ~:__.!._1 ~~~5 I : I 8: /~_:__,;c----9-.5~0-10 
2 I 2 I 6 I 8 / 12 I 5 I 4 I 1 _l_1_l_l_1_l_9_1_4_1_9_1 3 4 3.5 5 .I 
4 I -~-'--111I/12/1/ 




8.11 µ 6.0·10.0 µ 










The nucleus is prominent and large, measuring 1.5-2.0 µ in diameter. 
At times it is so large that it appears to distend the body in the nuclear 
region. The nuclear membrane is thick and strongly staining. Only oc-
casionally are chromophilic granules observed in the nucleus of this species, 
and then they are somewhat indistinct. 
The cytoplasm is not vacuolated and is even staining. No food ma-
terial was observed. 
Trichomonas (Tritrichomonas) chordeilis n. sp. 
(Plate 1, fig. 6-7) 
A moderately large Trichomonas was found to be abundant in the in-
testine of a night-hawk, Ohordeiles minor (Forster), collected at Ruthven, 
Iowa. The body is broadly spindle-shaped with a range in length of 7.0-
12.5 µ and in width of 4.0-6.5 µ. The mean size for 100 individuals was 
8.64 µ in length and 5.04 µ in width. These data may be further studied 
in table 5. 
The cytostome is long, narrow, and crescentic. There are three free 
anterior flagella 10.0-12.0 µlong. A fourth flagellum margins the narrow 
undulating membrane and extends free 4.0-6.0 µ from the posterior end of 
the body. 
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The blepharoplast is a large siderophilous granule situated at the ex-
treme anterior end of the body. The costa is indistinct, more often appear-
ing as a row of small granules that follows the base of the undulating mem-
brane for about one-half the length of the body. 'l'he axostyle stains feebly 
and is difficult to trace far into the cytoplasm. It is slender and hyaline, 
tapering to a long point and protruding 2.0-4.0 µ from the posterior end of 
the body. In a few cases the axostyle was seen in the body as a large hyaline 
rod whose diameter decreased abruptly before projecting from the body. 
The prominent nucleus measures 2.5-4.0 µ in diameter and varies from 
ovoidal to ellipsoidal in shape. The nuclear wall is thick and stains well. 
A small karyosome is frequently present, and is usually eccentric in po-
sition. It is immediately surrounded by a narrow, clear halo. A number 
of small round siderophilous granules are scattered around the nucleus, 
occasionally arranged in a definite linear series on the right of the nucleus 
and extending back about one-half the length of the body (fig. 7). 
The cytoplasm is rather granular and conspicuously vacuolated. No 
food material was observed in the vacuoles. 
TABLB 5. Correlation table of the length and .width of 100 spemmens of Triolwmonas 
chordeilis n. sp. from the '/!light-hawk 
Width in Length in microns 
_m_ic_r_on_s_I 7 I 7.5 I 8 I 8.5 I 9 I 9.5 I 10 I 10.5 I 11 I 11.5 I 12 I 12.5 l_T_o_ta_l_ 1-;1-5 1-;1-3 1-;1-1 l-2 1- 1-1-1:--1-1 4 16 
-4-.5 -7-14_,_I ~1 I ~/-2 1-;1-2 l-1 l_l_/_1 /-/-1 /-16-
5 32 l 3 I 6 15 1-5 1-;-1-4 l-2 l-1 1-1-1--:1-1 
-5.-5 --71_1 __,_/ _2-'.-/ 5 /-2-1-:1_3_/_/_1_11_1_1-/-11-,1.-19-
1 1113121214111-1 1_1_r_1_1 
-6.5~1 l~l 1 l_l_l_ /_2 1_1_1_1_1_1_3 6 14 
Total I 1~1~1~1~1~1~1-8 1_3_1_1 l-1-1--:1 1 I 
Mean 
Range 
Length 8.64 µ 7.0-12.5 µ Width 5.04 µ 4.0-6.5 µ 
'l.'richomonas ( Trichomonas) iowensis n. sp. 
(Plate I, fig. 4-5) 
100 
A heavy infestation of this flagellate was observed in the intestine of a 
night-hawk, Ohordeiles minor (Forster), collected at Ruthven, Iowa. Mor-
phologically it is very similar to T. phasiani Travis (1930), differing 
slightly in size and in the presence of chromatin granules dorsal to the costa. 
The body shape varies from curved pyriforrn to broadly ovoidal. The mean 
size for 100 specimens was 7.36 x 3.36 µ, with a range in width of 2.5-4.0 µ 
and in length of 5.5-9.5 µ. Measurements for 100 specimens may be seen in 
table 6. 
The crescentic cytostome is rather conspicuous. There are four anterior 
free flagella 8.0-10.0 µ long. A fifth :flagellum passes along the outer edge 
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of the moderately high undulating membrane and extends free a distance 
of 4.0-5.0 µ at the posterior end. 
The blepharoplast is a large granule placed at the anterior end of the 
body. The costa is prominent. Between the costa and the dorsal side of 
the body is a series of granules, similar to the granules in T. gallinarurn 
Martin and Robertson ( 1911). The walls of the axostyle stain feebly, 
making this structure rather inconspicuous. The distal end of the axostyle 
is pointed and projects slightly. 
The nucleus is prominent and ellipsoidal, measuring 1.5 x 2.5 µ. An 
eccentric karyosome is present, surrounded by a clear halo. The remainder 
of the nucleus is filled with small siderophilous granules. 
The cytoplasm is slightly vacuolated but no food material was observed 
in the vacuoles. 
TABLE 6. Correlation table for the length and width of 100 specimens of Tricho'/l'IQ1la.9 






Length in microns 
6.5 1 I 7.5 I 8 I 8.5 9 9.5 Total 
13 6 I 1 I 4 I 
-3 _ _,___1 _,__2-i--2----7-7~, 4 ,-2-, I I I I 
20 
3.5 2 5 3 12 I 10 I 9 1-3-1-:- _ 1_/_4_9 -
_4 -...;---:----+--~7-:1_4_1_5 I I 1 I I 
32 I 19 I 20 I 4 I 6 2 I 
18 
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EXPLANATION OF PLATE I 
x 4000 
Fig. 1-3 Trichom<mas pisobiae n. sp. 
Fig. 4-5 T1'iohomonas iowensis n. sp. 
Fig. 6-7 Triohomonas ohordeilis n. sp. 
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Chromosome, R-g., of maize, 295 
Cistaceae, 277 
Citell1u; franklini, Anosoma hixsoni n. sp. 
fr.om, 527 
Citellus tridecemlineatus, Babesis citem n. 
sp. from, 527 
development of Trypanosoma iowensis in 
blood of, 533 
Trypanosoma iowensi..s from, 527 
Cleaning of furs, dry and mechanical, 
results of tests for, . 
abrasion, loss in weight from, 431, 436 
breaking strength, 431, 435 
color reflection, 432, 434 
diameter of hair, 434, 435 
elasticity, 431, 436 
ether-soluble content, 431 
gloss, 431, 433, 434 
length of hair, 431, 435 
number of hairs to sq. in., 434 
shrinkage, 435 
Clostridia, nitrogen-fixing metabolism of 
231 ' ' 
Clo.stridiwm acetobutylicum, use of, to pro-
duce solvents from glucose, 416 
Coccidian genus Eimeria, catalog and host-
index of, 84, 93 
Colinus 1lirginianus (bobwhite quail), win-
ter mortality of, 127 
Colloids in Iowa soils, properties of 203 
Color reflection of dyed furs, 432 ' 
Commelinaceae, 261 
Comparative analysis of three hundred 
fabri<lB, 17 
Comparative calcium and phosphorus re-
tention of pigs fed rations supplement-
ed with limestone, bone meal and 
" ~capho ", 221 
Compos1tae, 286 
Composts, decomposition of, 410 
treated, analyses of samples of, 410, 
411, 412 
Concentration .of carbon dioxide in the 
soil air under various crops and in 
fallow soils, 1 
Contraction of isolated heart and Mal-
pighian tube of Periplaneta orientalis, 
rate of, 391 
method to determine, 391 
Convolvulaceae, 280 
Copper, influence of, on graphitization be· 
havior of white cast iron, 207 
Cornaceae, 278 
Corn, papoon, literature on, 385 
Susquehannah, literature on, 385 
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sweet, first reference to, in literature, 
386 
sweet, genetic studies of, 388, 389 
sweet, origin, 387, 388 
sweet, origin and importance as an 
Indian food plant in the United 
States, 385 
varieties of, in Mexico, 386 
Crepis capillaris, 311 
Cruciferae, 269 
Decomposition of straw in the production 
of artificial manure, 409 
Delphimiwn ooltorwm, 310 
Development of Trypanosoma iowensis in 
the blood of the striped ground squir-
rel, Citellu.s tridecemlineatu.s, 533 
Deviation, standard, computation of, 80 
Diacetate cellulose, acetyl values for, 400, 
401 
Dicyrtoma hageni, 4 72 
Dicyrtomitna opalina, 471 
Digestibility of milk in vivo as affected by 
certain physical treatments, 211 
Dry-cleaning, effect of, upon furs, 427 
loss of pigment in furs from, 434 
Ducks, game, food of five, 107 
Effect of dry-cleaning and mechanical 
cleaning upon furs, 427 
Eimeria, catalog and host-index of species 
of, 84, 93 
size of oocysts of species, 84 
Entomotog1·aph, instrument for recording 
appendicular or locomotor activity of 
insects, description of, 519 
Erewnetes pu8ill1.ts, species of Trichomonos 
from, 537 
Erysimwm par'IJ'i,flo'l"lvm, 310 
Ethyl alcohol gasoline systems, properties 
of, 245 
Ethyl alcohol, influence of anhydrous, upon 
water abso1·ption, 175 
Ether-soluble content of fur pelts, 431 
Euphorbim Peplus, 310 
Euphorbraceae, 274 
Fabric, cellulose acetate rayon, alkaline 
hydrolysis of, 397 
Fabrics, classification of, 17, 18, 19, 20 
Fabrics, method of analysis of, 21 
Fabrics, comparative analysis of, 17, 21 
Fagaceae, 264 
Fagopyrum esculentum, 309 
Falcaria 'IYlilgaris, 310 
Fats, action of lipolytic bacteria on, 187 
Fermentation, butyl-acetonic, in sugar 
media, 415: 
oxidation-reduction potentials in, and 
solvents production in, 421 
Fermentations, analyses of, 416-425 
Flagellate, protozoan, from woodchuck, 513 
Flora, immigrant, of Iowa, 309 
Food of game ducks, 107 
summary of vegetable and animal, 124 
Food plant, Indian, corn as, 385 
Fowl, mature, weight of, 379 
correlation between sexual maturity and, 
383 
sexual maturity of, average age of, 382 
Fowls, early maturity of, dependent upon 
two pairs of genes, 374 
Fr-equencies, unequal, method of computa-
tion of chi-square and standard devia-
tion for, 79, 80 
Fumariaceae, 269 
Furfural and some of its derivatives, 235 
Furfuraldehyde-yielding constituents of 
composted straw, loss of, 412, 413 
Furfural, production of, from concentrated 
solutions of xylose, 191 
Furs, dry-cleaning and mechanical clean-
ing of, results of tests for: 
abrasion, loss in weight from, 431, 436 
breaking strength, 431, 435 
color reflection, 432, 434 
diameter of hair, 434, 435 
elasticity, 431, 435 
ether-soluble content, 431 
gloss, 431, 433 
length of hair, 431, 435 
number of hairs to sq. in., 434 
shrinkage, . 431, 437 
Genes for maturity in fowl, 378 
Genes, linkage data on, found on R-g, 
chrosomo, 296 
Geraniaceac, 273 
Geraniwm pusillum, 310 · 
Gentianaceae, 279 
Gramineae, 254 
Graphitization behavior of white cast 
iron, influence of copper on, 207 
Ground squirrel, striped, development of 
1'rypanosoma iowensis in blood of, 533 
Growth and sexual maturity in Brahma 
and Leghorn fowl, 367 
Growth in fowl, relation of, to sexual 
maturity, 375 
Hair of furs, deterioration of, during 
process of cleaning, 431 
Hairyroot pathogens 
control of, by grafting practices, 155 
host range, of, 134, 135, 136 
occurrence of, 132 
Hairyroot, prevalence of, relation to 
woolly aphid injury, 134 
Hartmanni.a speciosa., 311 
Heart, isolated, rates of contraction of 
insect (Periplaneta), 391 
H emerocallis fulva, 309 
Herbaceous plants of Lee County, Iowa, 
290 
Hexarnita intestinalis, 515 
H. marmotae n. sp., a protozoan flagellate 
H. wuris, differential characters, 515 
H. pil-lchra, comparative studies with H. 
marmota.e, 515 
Hiera.cium viroswm, 311 
Homogeneity, chi-square test for, 75 
548 INDEX 
outline for hypothesis of, in experi-
ment, 76 
Host-index for Eimeria, 83, 93 
Hybrids, reciprocal, in fowl, sexual ma-
turity of, 38~ 
Hydrogen sulfide, liquid, reactions of in-
organic compounds with, 197 




Indian food plant, corn as, in United 
States, 385 
Influence of anhydrous ethyl alcohol 
concentration upon water absorption, 
175 
Influence of copper on the graphitization 
behavior of white cast iron, 207 
Inheritance of time of sexual maturity, 
367 
Inorganic compounds, reactions of, with 
liquid hydrogen sulfide, 197 
Iowa, Lee County, botanical survey of, 
251 
Lee County, groups of soils, 251 
Iowa, notes on immigrant flora of, 309 
Iowa, Phyllophaga of, 313 
Iowa soils, properties of soil solutions 
and colloids in, 203 
Iridaceac, 262 
Irregular sporagenesis and polyembryony 
in some Leguminosae, 303 
.Juglandaceae, 263 
.J uncaceae, 261 
Labiatae, 281 
Leaves, plasmodesms in, 451 
Leghorn fowl, growth and sexual matur-
ity in Brahma and, 367 
Leguminosae, 271 
L eguminosae, irregular sporogenesis and 
polyembryony in some, 303 
Life expectancy of physical property, 205 
Lignin, decomposition of, in composted 
straw, 412, 413 
Liliaceae, 261 
Linkage data on the R-g, chromsome of 
maize, 295 
Lipolytic bacteria, action of, on simple 
triglycerides and some natural fats, 
187 
Lipolyfic organisms, relationships of, to 
rancidity of butter, 199 
Liquid hydrogen sulfide, 197 
Locomotor activity of insects, instrument 
for recording, 519 
Lythraceae, 277 
Madia glomerrata, 310 
Maize, linkage date on R-g, chromosome 
of, 295 
varieties of, in Mexico, 386 
Malpighian tube of insect (Periplaneta), 
rates of contraction of isolated heart 
and, 391 
Malvaceae, 276 
Manufacture of artificial zeolites and the 
control of zeolite water softeners, 
183 
Manure, artificial, decomposition of straw 
in production of, 409 
original organic matter, analyses of, 
412 
Marmota monax, H e:r;amita marmotae, n. 
sp. from, 513 
Martyniaceae, 284 
Maturity in fowl, genes for, 378 
Mechanical cleaning, effect of, on furs, 
427 
M e di a, differential, for Pseudomonas 
rhizogenes and Ps. tivmefaciens, 152 
Media, sugar, butyl-acetonic fermentation 
in, 415 
Menispermaceae, 268 
Metabolism of some nitrogen-fixing .Clos-
tridia, 231 
Microflora of churns and its importance 
in the deterioration of butter, 217 
Milk in vivo, digestibility of, as affected 
by physical treatments, 211 
Monoacetate cellulose, acetyl values, 401 
Mother cells, multiple, in some Legum-
inosae, 304, 306 
Najadaceae, 254 
Night-hawk (Chordelies minor), species of 
Trichomonas from, 537, 539 
Nitrogen-fixing Clostridia, 231 




N yroca ajfinis (lesser scaup duck), food 
habits of, 121 
N . americana (red head), food habits 
of, 107 
N. collaris (ring-necked duck), food 
habits of, 110 
N. marila (greater scaup duck), food 
habits of, 117 
N . valisineria (canvas-back), food habits 
of, 114 
Observations on H ex111mita marmotae n. sp., 
a protozoan flagellate from the wood· 
chuck (Marmota monax Linn.), 513 
Oleaceae, 279 
Onagraceae, 277 
On the chi-square test for homogeneity, 75 
On the rates of contraction of the isolated 
heart and Malpighian tube of the in-
sect, Periplaneta orientalis: method, 
391 
Orchidaceae, 262 
Organisms, correlation of, with deteriora-
tion of butter, 213 
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Organolead compounds, 229 




Oxalis cro'nioulata, 310 
Papaveraceae, 269 
Periplaneta ameriCOJna, appendicular ac-
tivity of, 519, 520, 521 
entomotograms of, 524 
P. orientali.s, rates of contraction of 
isolated heart and Malpighian tube of, 
391, 394 
method to determine, 392, 394 
Phalaris canariensis, 309 
Phosphorus retention in pigs rations, 221 
Phrymaceae, 285 
Phyllophaga, distribution of, 313 
Phyllophaga of Iowa, 313 
P. anxia, 328 
P. balia, 335 
P. barrda, 330 
P. bipartita, 324 
P. congrua, 321 
P. corrosa, 333 
P. orassissima, 322 
P. crewulata, 339 
P. dralcii, 329 
P . ephilida, 318 
P. fosteri, 332 
P. fervida, 327 
P. fraterna, 332 
P. fusoa, 326 
P. futuJ,is, 320 
P. graoilis, 319 
P. hirtioula, 337 
P. hornii, 327 
P. ilicis, 338 
P. implicita, 335 
P. inversa, 323 
P. klnceolata, 317 
P. longitarsa, 319 
P. marginalis, 330 
P. miOOJns, 325 
P. nitida, 337 
P. prunina, 322 
P. quermbS, 340 
P. rugosa, 334 
P. spreta, 331 
P . tristi.s, 341 
P . vehemens, 325 
P. 'l!ilifrons, 336 
Physical-chemical properties of alcohol-
gasoline blends. 
III. The A.S. T.M. distillation curves 
and Reid vapor pressure, 237 
II. The influence of anhydJ'IOUS ethyl 
alcohol concentration upon water ab-
sorption, 175 
Physical-chemical properties of ethyl al-
cohol systems. 
IV. Influence of alcohol concentration 
upon specific volume, fluidity, air-to-
fuel ratio, calorific value, latent heat, 
and fall in temperature on evapora-
tion, 245 
Physical property, life expectancy of, 205 
Phytolaccaceae, 267 
Pinaceae, 253 
Pisobia melanotos (pectoral sandpiper), 
species of Trichomonas from, 537 
P. miwu,tiUa (least sandpiper), species 
of Trichomonas from, 537 
Plantaginaceae, 285 
Plantanaceae, 270 
Plant indicators in Lee County, I owa, 292 
Plasmodesms, functioning of, 449 
Plasmodesms in epidermal tissue, method 
of study, 450 
in leaves, 451 
in the leaves and stems of some Angio-
sperms, 449 
in stems, 452 
two types of, 455 
Polemoniaceae, 280 
Pollen, types of, in Melilotus alba, 304 
Polyembryony in Leguminosae, 304 
P .olygalaceae, 274 
Polygonaceae, 265 




Production of furfural from concentrated 
solutions of xylose, 191 
Protozoan flagellate from woodchuck, 513 
Psmbllomonas rhizogenes, age and virulence 
of, 155 
Ps. rhizogenes R.B.W.K., and S.; its 
host relations and characteristics, 131 
Ps. rhizogenes and Ps. twmefamens, dif-
ferences between, 158 
Ps. i·hizogenes and Ps. tumefaciens, dif-
ferential media for, 152 
Ps. rhizogenes, association of, with hairy-
root of nursery stock, 135 
host range of, 140 
influence of environmental and host con-
ditions on infection by, 137 
on hardwood cuttings, 144 
response of, to morphological and physi-
ological tests, 148 
Psetbdomonas tumefaciens and Ps. rhizo-
genes, differential host of, 142 
difference between, 158 
Ptenothrix marmorata, 475 
P. olympia, 473 
P. 1irvicolor, 472 
P. texensis, 474 
P. vittata., 475 
Radiou,la amphibia, 310 
Rancidity of butter, relationships of a 
lipolytic organism to, 199 
Ranunculaceae, 267 
Rayon, cellulose acetate, alkaline hydrol-
ysis of, 397 
Rayon, effect of alkali on weight and acetyl 
content of cellulose acetate, 398, 399 
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Reactions of inorganic compounds with 
liquid hydrogen sulfide, 197 
Redescription of North American Smin-
thuridae, 461 
Reid vapor pressure, 237 
Relationships of a lipolytic organism to 
rancidity of butter, 199 
Report .on the food of five of our most 
important game ducks, 107 











Sexual maturity, and growth in fowl, 367, 
369, 375 
in mammals, 367 
Simarubaceae, 274 
Sminthuridae, Redescriptions of North 
American, 461 
Sminthiurrimlu.s <JAlffeit.s, 463 
S . elegQ!n8, 464 
S. fitchi, 470 
S. floridanit.s, 469 
S. min1ntm, 462 
S . paclcardi, 470 
S. purpurescrms, 469 
S. quadrima<YUlatus, 462 
S. remotus, 461 
Soil air, concentration of carbon dioxide 
in, 1 
~ube for sampling, 4, 5 
So~l, fall~w, percentage of air in, 7 
Soll solut10ns, properties of in Iowa soils 
003 ' ' 
Soils in Iowa, soil solutions in 203 
colloids in, 203 ' 
Solanaceae, 283 
Solvents from glucose, with nitrngen 
sources, 418 
Solvents, production of, in glucose-peptone 
medium, 424 
Some properties of the soil solutions and 
the colloids in certain Iowa soils 203 
Sonchu.s uligino.sus, 311 ' 
Sarglii~m halepense, 309 
Sporogenesis, irregular, in Leguminosae 
303 ' 
Squirrel, striped ground, development of 
Trypanosoma iowensis m blood of 533 
Staphyleaceae, 275 ' 
Statistics on brahma and leghorn fowl and 
F, and F, hybrids, 371 
Stems, plasmodesms in 4{)2 
older regions, 453 
primary meristem, 452 
Straw, decomposition of, in production of 
artificial manure, 409 
Susquehannah or papoon corn, early lit-
erature on, 385 
Sweet clover, polyembry<my in, 304 
Sweet corn, first reference t-0, in literature, 
386 
genetic studies of, as mutant, 389 
origin, 387, 388 
Textiles, analysis of, fabric, fiber, yarn, 24 
Three new trichomonads from birds, 573 
Thymelaeaceae, 277 
Tiliaceae, 276 
Trees and shrubs of Lee County, Iowa, 291 
Trichomonads, three new, from birds, 537 
Trichomonas ( Tritrichomonas) chordeilis 
n. sp. in intestines of night-hawk, de-
scription of, 539 
T. iowensis n. sp. in intestin.e of night-
hawk, description of, 540 
T. pisobiae n. sp. in intestines of sand-
pipers, descriI_>tion of, 538 . . 
Trichomonas, species of, comparative sizes 
of, in sandpipers, 537 
Triglyce1·ides, action of lipolytic bacteria 
on, 187 
Trophozoites of Hexamita marmotae n. sp., 
conelation of, 514 
Trypa.nosoma hixsoni n. sp. description of, 
529 
from Citellu.s franlclini, 527 
T. iowensis, development .of in blood ,of 
striped ground squirrel, 533 
T. iowensis, pathogenicity of, 528 . 
T. iowensis, in blood of ground squirrel, 
resemblance of, to T. lewisi in rat, 534 
T. lewisi, comparison with T. iowensis, 
527 
T. lewisi, in blood -0f rat, life cycle of, 
533 
T. iowen.sis intermediate host for, 528 
T. iowensis' n. sp. and Babesia citelli n. 
sp. from Citellus tridecemlineatu.s, an~ 
Trypanosoma hixsoni, n. sp. from Ci-
tellus franlclini, 527 
Trypanosomes, first appearance after in-
jection, 534 
relationship between, 528 
measurements of, 534 
Typhaceae, 254 
Umbelliferae, 277 . 
Urocyon cinercoargenteus~ (grey fo;-es), m 
vicinity popula.ted with bobwhite, 127 
Urticaceae, 264 
Variance in age at first egg among prog-




Water absorption, influence of anhydrous 
ethyl alcohol concentration upon, 175 
Water softeners, zeolite, control of, 183 
INDEX 551 
White cast iron, graphitization behavior 
of, influence of copper on, 207 
Winter survival of bobwhite, 127 
Xylose, production of furfural from, 191 
Zea saccharata, (sweet corn), 388 
Zein, preparation of, 417 
Zeolites, artificial, manufacture of, 183 
Zeolite water softeners, control of, 183 
